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5 To the Honourable 


Sir Ricnary Grovenor of 
Eaton, in the County Palatine of 
Cheſter, Baronet. 


SIR, 


HEN requeſted by ſome Bookſellers in 
London, to Reviſe and Prepare this Trea- 
tiſe for a New Impreſſion, and once re- 
ſolved to Anſwer their Demands ; I was not long 
conſidering at whoſe Feet to lay it. 

My Memory may indeed be impaird by Age, 

Misfortunes and Accidence ; Nay, I am ſenſible it . 
is ſo : But it muſt be entirely loſt when I am forget- 
ful of the great Obligations I lie under to Sir Richard 

Groſvenor. | 

Your Hoſpitality and Generoſity, make you ſtand ' 
unenvied in the abundance of Fortune, Any Upſtart 

may contrive to ſpend a Great Eſtate ; Bur it is a 

Felicity almoſt peculiar to Great Birth to become 
One. 

Were I now to deſcribe Liberality without Pro- 
fuſeneſs; Steadineſs in Principles, without any pri- 
vate View; Candor and Affability, Good Nature 
join d to ſound Judgment, and a Serenity of Temper, 
which your Enemies will always find the Compani- 
on of true Courage; And then pronounce that you 
4 2 are 
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are poſſeſſed of all theſe good Qualities in as high a 
Degree as moſt Men living; No Gentleman that 
knows you well, would think I flatter'd you. 

Sir, Give me Leave to ſay, I Honour your Cha- 
racter, and Love your Perſon ; My Expreſſions are 
uncourtly, my Stile unpoliſh'd, and therefore more 
proper to be prefix d to a Work wherein the Matters 
related are indeed clad in a plain and homely Dreſs 
but they are True, and deſigned to propogate Ma. 
thematical Learning amongſt ſuch as defire to be 
introduced into that ſort of Knowledge; And I am 
extreamly pleas d they are permitted to be ſent into 
the World under your Protection. 

That you may long Live, to promote the Good of 
your Country, and that City in whoſe Intereſt you 
have ſo heartily engag'd your Self; And that you 
may ever ſucceed in your own private Affairs; And 


live to enjoy all the Bleſſings that attend a quiet 
prudent Life, Is the earneſt Prayer of, 


Honoured S I R, 
Tour moſt Obliged, Humble, 


and Obedient Servant; 


J. WARD. 


The PREFACE. 1 


E Tothe READER. 


Think it Needleſs (and almoſt Endleſs) to run over all the 

I Uſefulneſs, and Advantages of Mathematicks in General; 

ſpall therefore only touch upon thoſe {xo Aamirable 

Sciences, ARITHMETICK, aud GEOMETRY 3 which are indeed 

the Taro Grand Pillars (or rather the Foundations) upon which 
all other Parts of Mathematical Learning depend. | 

As to the Uſefulneſs of Arithmetick, Tis well known that 
u Buſineſs, Commerce, Trade, or Imployment whatſocver, even 
from the Merchant to the Shop-keeper, &c. can be manag'd and 
carry'd on, without the Aſſiſtance of Numbers. 

And as to the Uſefulneſs of Geometry, *T1s as certain, that 
1 Curious Art, or Mechanick-Work, can either be invented, 
improved or performed, without its Aſſiſting Principles ; tho 
perhaps the Artiſt, or Workman, has but little (nay ſcarce any) 
Knowledge in Geometry. 

Then, as to the Advantages that ariſe from both theſe Noble 
Sciences, when duly join'd together, to aſſiſt each other, and then 
Apply'd to Practice (according as Occaſion requires) i 
readily be granted by all who conſider the vaſt Advantages that 
Accrue to Mankind from the Buſineſs of Navigation only. As 
alſo from that of Surveying and Dividing of Lands betwixt 
Party and Party. Beſides the great Pleaſure and Uſe there 
is from Time-Keepers, as Dials, Clicks, and Watches, &. All 
zheſe, and à great many mere very uſeful Arts, (to many 


to be innumerated here) wholly depend upon the aforeſaid 
SCLCNCes. | 


And therefore tis no Wonder, That in all Ages ſo many 
Ingenious, and Learned Perſons have imploy'd themſelves 4 
writing upon the Subject of Mathematicks ; but then moſt of" 
thoſe Authors ſeem to 150 ſe that their Readers had made 
ſome Progreſs in that ſort of Learning before they attempted to 
peruſe thoſe Books, which are generally Large Volumns, written 

in ſuch abſtruſe Terms that young Learners avere really affraid 
F of looking into thoſe Studies. 
| T heſe Conſiderations firſt put me (many years ago) upon the 
Thoughts of Endeavouring to Cope ſuch a plain, and familiar 
Introduction to the Mathematicks, as might Encourage thoſe 
that were willing (to -u_ ſume Time that way) to venture 
aud proceed on with Chearfulneſs ; Tho perhaps they 2 
| wholly 
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xrholly ignorant cf its firſt Rudiments. Therefore Tbegan with 
their firſt Elements or Principles. 

T hat is, I began with an Unit in Arithmetick, and a Point 
in Geometry; And from theſe Foundations proceeded gradually 
on, Leading the young Learner Step by Step with all the 
Plainneſs I can, &c. 

And for that Reaſon J e wen this Treatiſe (Anno 1107) 
by the Titleof the Young Mathematician's Guide; which has 
Anſwer'd the Title ſo grell, that I believe I may truly ſay 
(without Vanity) this Treatiſe hath prov'd a very helpful Guide 
ro near Five 1 honſand Perſons ; and perhaps moſt of them ſuch 
as would never have looRk'd iuto the Mathematicks at all but for 
it. 


Aud not only ſo, but it hath been very well receiv'd amongſt 
the Learned, and (I've been often told) ſo vel] Approv'd on 
at the Univerſities, in England, Scotland, and Ireland, that it's 
Order'd to be publickly read to their Pupils, &c. 

The Title Page gives a ſhort Account of the ſeveral Parts 
treated of, with the Corrections and Additions that are made to 
this Fourth Edition, which I ſhall not iularge N but leave 
the Book to ſpeak for it ſelf ; and if it be not able to giv? Satis- 
Faction to the Reader, I'm furs all Tcan ſay here in its behalf 
will never recommend it: But this may be truly ſaid, That 
awhocver reads it over, will find more in it than the Title doth 
promiſe, or 2 he expects: *T1s true indeed, the Dreſs is 
but Plain aud Homezy, it being «chelly intended to Tuſtruf, 
and not to Amuſe or Puzzle the young Learner with hard Words, 
and obſcure Terms : However, in this I ſhall always have the 
Satisfattion ; That I've ſincerely aim'd at what's uſeful, tho' in 
ore of the meaneſt ways ; *Tis Honour enough for me to be 
accounted as one of the Under-Labourers in Clearing the Ground 
a little, aud removing ſoine of the Rubbiſh that lay in the way 
ro his ſort of Knowledge. How cell I have perform'd That, 
awnuſt be lefr to proper Fudges. | 

To be brief; As Tam not ſenſible of any Fundamental Error 
in this Treatiſe ; ſo Twill not pretend to ſay it is not without 
Imperſectious, (Humanum eſt errare) which , hope the Reader 
20 1 excuſe, and paſs over with the like Candor and Good Mili 
that it was compoſed for his Ui; by his real Well-wiſper, 


]. WARD, 
London, October roth, 17:6 ee 


Corrected, Sc. at Cheſter, 
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Mathematicks. 


PART LL 


Præcognita. 


H Buſineſs of Pathematicks in all irs Parts both 
Theory and Practice, is culy to ſearch out and 
determine the true Quantity ; either of Matter, Space, 
or Motion, according as Occaſion requires. 

By Quantity of Matter 7s ere ear? the Magnitude or bigneſs 
of any viſible thing, arhoſe Length, Breadth, aum Thickneſs may 
either be meaſure, or eſti mated. 


Zy Quantity of Space 75 eat the diſtance of one thing from 
another. 

And by Quantity of Motion is meant the ſevi ſtneſ of any 
thing moving from one place to ancrher. 

The conſideration cf bn o accerding as they may be propoſed, 
are the Subjects of the Mathematicks, but chicfy that of Matter. 

Noro the conſideration of Matter, ⁊cith reſpect to its Quantity, 
Form and Poſition, which may either be Natural, Accidental, or 
Deſigned, will admit of infriie Varieties; But all the Varieties 
that are yet known, or indecd fo[Fb/c to be conceived, are wholly 
compriſed under the due conſideration of theſe Tee, Magnitude 
and Number, which are the proper Subjects of Geometry, 
Arithmetick and Algebra. A! ore; Parts of the . 
being only the Branches of theſe three Sciences, or rather their 


| Apfiication to particular Caſcs. 
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* 


F Geometry 75 4 Science by «hich wwe ſearch ot and come to 
f know either the while Magnitude, or ſone part of any propoſed 

* Quantity; an is to be obtained by conparing it with another 

| known Quantity of' rhe ſame kind, which will aal be one 
of rheſe, viz. A Line (or Length o A @urface, (that is, © 
Length au Breadth) or a @olid (*c/h:ch barb Length, Breadth 
and Depth, or Thickneſs) Nature admitting of no other 
Dimenſions but theſe Three. 

Arithmetick 75 4 $c7ence by rich we come to kyow what 
Number of (Quantities ere are (either real or imagtnary) of 
any kint, contained in another Quantity of the ſame kind : Now 
this Conſiaeration is very different ſrom that of Geometry, hie 
7s only to jind out true and proper Anfevers to all ſuch Durſtions 
as demand, how Long, how Broad, low Big, &c. Brut chen 
e are to conſider etiher of mdr Quantities 74252 one, or how 
of tem one Quantity is contained in another, then ate have recourſ? 
70 Arithmetick, which i5 ts fu ont true and proper Anſwers to 
all ſuch Queſtious as deinand how Many, «char Number, or 
Multitude of Quantities here are. To be brief, the Subject of 
Geometry is t of Quantity, <ei7h fett to its Magnitude 
only; and the Subjcft of Ae is Quantities <z27Þ reſpcch 
70 ther Number cy. 

Algebꝛa is a Science by «rich the moſt abſirnuſe or difficult 
Problems either in Arithmetick or Geometry are Reſelved and 
Lemonſirated, that is, it equelly interferes with theim both; 
end therefore its premiſcuouſiy named, being ſometimes called 
Specions Arithmetick, 45 by Harriot, Vieta, a4 Doctor Wallis, 
Sc. And ſoraetimes its call Modern Geometry, particularly 
the ingenious aud great Mathematician, Mr. Edmund Halley, 
Savilian Profeſſor of Geometry in the Univerſity of Oxford, 

giving this following Inſtance of the FExce/lence of our Modern 
4 Algebra, Writes thus, 

{ * The Excellence of the Modern Geometry (ſaith he) is in 
F nothing more evident, than in theſe filll and Adequate Solutions ; 
it gives to Problems : Repreſenting all the poſſible Caſes at one > 
diere, and in one General Theorem many times comprehending 
Whole Sciences; which deduced at length into Propoſitions and 
* demonſtrated after the manner of the Ancients, might well 
* become the Subjefts of largeTreatiſes : Fer whatſoever Theorem 
* ſelves the mcſt complicated Problem of t kind, dees with a 
due Reduction reach all the Stbordinate Caſes. Of which be 
£1ves a notable Inſtance in the Doctrine of Dioptricks for finding 
2% Foci of Optick Glaſſes uggggr/a/ly, (vid. Philoſophical 
Tranſactions, Nb. 205.) (Teo 62> 

Thus 
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This wow / ave a fort and general Account of the proper 
Subjects of thoſe {Three Noble and Uſeful Sciences, Arithmetick, 
Geometry and Algebra. { ſyall now proceed ro give a particular 
Accornt of each, and jirft of Arithmetick, which 7s the Baſis or 
Foundation v Arts, bor Mathematick a;z4 Mechanick 5 and 
therefore it ought to be well der ſtood before the reſt are edle 
abt hl. 


F — — 


CHAF- 1 


Concerning the ſeveral Parts of Arithmetick, <ith rhe 
Definition of fh, Charaters as areuſed im this Treatiſe. 


Rithmetick, or the AI of Neimbrisg, is ftly divided into 
three diitinct Parts, two of which are properly called 
Natural, and the third Artigcial. 

The firſt being the moſt plain and caſieſt, is commonly called 
Vitlgar Arithmetick in =D Numbers; becauſe every Unit or 
Tarteger concerned in it, repreſents one whole Quantity of ſome 
Shecies or thing propoſed. 

The ſecond is that which ſuppoſes an it (and conſequently 
the Quantity or thing repreſented by that Lait) to be Broken 
or Divided into equal Parts (either even, or uneven) and 
confiders of them cither as pure Parts, viz. Each leſs than an 
Unit, or elſe of Parts and Integers intermixt. And is uſually 
called the Doctrin of Vnlrar Fractions. 

The Third, or Articial Part, is called Decimal Arithinetick ; 
being an Artificial Invention of managing Jy/adlions or Broken 
Numbers, by a much more commodious and cafic way than that 


. of Vulear Frattions : For the ſeveral Operations performed in 


Decimals, differ but little from thoſe in Ne Numbers ; and 
therefore it is now become of general Uſe, eſpecially in 
Geometrical Computations. 

Prithmetick (in all its Parts) is performed by the various 
ordering and diſpoſing of 'Ten Arabice Characters or Numeral 
Figures (which by ſome are called Digits) 


viz * Two Three Four Five Siv Seven Eig/1t Nine Cypher. 
E 2 "ns Be ds. $0 


T he uſe of theſe Characters is ſaid to be firſt introduced into 
England zear ſix hundred Years ago, viz. about the Tear 1130, 
vide Doctor Wallis's Algebra, Page 12. 
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Viz. Unity is that by which cvery thing that is, is called one 
(Euclid. 7. Def. 1.) and is the beginning of all Nzzbers. That 
is to ſay, Number is a Nlultitide of Units. Euclid. 7. Def. 2. 

For, one more one, makes Tuo; and one, more one, more 
one makes Three, Cc. Which is rhe Firſt aud chief Poſtulate, or 
father Axiom 70 Arithmetick. | 


, That is III Zz. III TI. 
Vis. II TI TI TIF. And ſo on to 9. 


Ninc of theſe Figures were thus compoſed of Units, and 
differently form'd to repreſent ſo many Css put together into one 
Sum, as was intended each ſhould denote : Nye being the greateſt 
Number of Units that was then thought convenient to be expreſſed 
by one ſingle Character; the laſt of the Ter is only a Cy/ her, or 
(as ſome phraſe it) a nothing, becauſe of it ſelf it ſiguifies 
nothing; for if never ſo many Cyphers be added to, or Sed 
from, any Nrunber, they can neither increaſe nor dimini Hi that 


Number; but yet as a Cypher (or Cyphers) may be placed, the 


other Figures will become of different Values from what they 
were before, as will appear further on. 

For the more convenient ordering of the aforeſaid Nrrzzeral 
Figures, according to the ſeveral Varieties that happen in 
Compritetions ; I do adviſe the young Learner to acquaint himſelf 
with the Signification of the following A{gebraick Signs or 
Characters, which he will find of excellent uſe, as being a much 
ſhorter, better and more ſignificant way of denoting what is to 
be done (in moſt Operations) than can otherwiſe be expreſſed 
in words at length. | | 


Significations. 


Signs Names. The Sign of Addition, As 8+7 is 8 more 
7, and ſignifies that the Nmabers 8 and 7 are 
to be Added into one $7. The like is to be 
underſtood when ſeveral Nzumbers are connected 
together with the Sign +. 

As 24+22+9+45, Ec. denotes theſe are 
all to be Added into one Sun. | 
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Chap. r. Of Characters. 5 
ages 
12 / 'The Sign of Subſt ration | ; As . is o leſs 
/ 13 6, and ſignifies tho it 6 is to be taken from 9, 
or eſs d chat ſo their Difference may be found. 
Into or ] into 6, and ſignifies that 9 is to be Multi plicd 
wth. 


into or with 6. 


The Sign of Diviſion ;, as 8 a, is 8 by 2, 
and onifes that 8 is to be Divided by 2, alſo 
. 2) 8 (4. or thus? each ſignifying the 
ſame thing, to wit, $ Divided by 2. 


J. 


0 The Sign of Multi plication; as 9X6, is 9 


| The Sign of Equality or Eguation, viz. 
4 whenever this Sign S is placed betwixt Numbers 
ER 4 Fanal. Jer Cuantities) it denotes them to be Equal, 
= þ fe Ss 9=9, or 9+6=15, or 9—6=3, Oc. That 
is, 9 is Equal to 9, or 9 more 6, is Equal to 

15, and 9 leſs 6, is Equal to 3, Ec. 


The Sign of Proportion, or that commonly 

called the Golden Rule, or Rule of Three, and 

2 : : is always placed betwixt the Two middle 
85 31 ED 2 "Ms 95 Numbers in Proportion. Thus, 
8 :: 6: 24. To be read thus; As 2, 


Ngo 10 5 N To 24. 


Therefore y Conſt ue Hy- 3 
Theſe Sus and their Significations, being perfectly learnt, 
will help to ſhorten the Work. 


CHAP, II 


£ encerinicg the Principal Rules 772 Arithmetick, and bow they 
are performed in IVhote Numbers. 


HE Reales by which Numerical Oferations are 5 d 

in all the Parts of Ariihmetick, are many and various, 
ſeveral of them being form'd and raiſed as Occaſion requires, 
when applied to Prafice, yet they are all comprehended within 


the due Conſideration of theſe Six, vis. Numrration or Notation) 
Addition. 


6 | Ar ichmettck. 5 Part T. 


Addition, Subitcaction, Pultipliration Diviſion, and Evolution, 
or Excrac tion of Rodi. 


SeCt. 1. Of Numeratfon, o/ Notation. 


Mimeration or Notation, Teacheth to Read or Expreſs the 
tru: value of any Ni ber when writ down; and conſequently ta 
write down any propoſed MNzmber according to its true value when 
it is named : And this conſiſteth of Two parts; 


1. The due order ct placing down Figures. 
2. 'The true valuing of cach Figure in its place. 

* 4 — 5 « . & — * ar * 1 
Both watch are plainly exhibited in the following Table. 
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' Thonſmds Millions. of Thou-' Units. 
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a 


By this Mumeration 72e it's apparent that the order of 
Places is reckoned from the Right-Hand towards the Left; the 
Firſt place of any Number being always that which is the outmoſt 
Figure to the Right-Hand ; and whatever Figure ſtands in that 


place doth only ſignifie its own fimple value, vis. So many Units 


as that Figure repreſents. | 
The ſecond place is that of Tent, any Figure ſtanding in that 


* 


place fignificth ſo many Teus as that Figure repreſents Units. 
| The 
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The third place is Hrndreds, the Fourth place Th,. &e. 
That is, each place towards the Left Hand is Te times the value 
of that next it towards the Right. 

For inſtance, ſuppoſe 59 were propoſed to be read or 
pronounced according to the vaine of each Fg as they now 
{tand. The firſt Tigure in this Sum is 9, becauſe it {ſtands in 
the place of T7s, and therefore ſignifies but its own ſimple 
value, to wit 9 Urs, or Ne. "The ſecond Fiore 5 ſtands in 
rae place of Tens, and therefore ſignifies Five Ts or Tiſty. The 
Figure ) ſtands in the Third place, or place of 17174eds, and 
therefore it ſignifies Sever H{imdred, and the whole Sum is to be 
read or pronounced thus, Sever Hude Hf, News. 

Note, Although the Figure 7, ſtands in the Third place 
(according to the order of Numbering) yuot when the whole S 
comes to be read it's firſt pronounced, rhe reading of N:zbers 
being perform'd like that of Letters or Words, always beginning 
with * 23 outmolt [7217 towards the Left-Hand, and ſo many 
Figures as are place together without any Point, Comma, Line, 
or other Note of Diſtinction between thera, are all but one Sia, 
and muit be read as ſuch. 

For Example, 753596 is but one intice %% or Nrmber, 
notwith{landing it conſiſts of fix places of Figrres, and is thus 
read; Sever Hundred Sixty Three Thonſand Five Hundred 
Ninety Six. | 

The like is to be obſerved in reading or expreſſing the true 
value of any Sum or Rank of Netwbers conſiiting of H, Hrobr, 
Niue, or more places of Tigi, each Lig, being to be valued 
according to its diſtance from the place of City: As in the 
foregoing Table. 

Now ſuch Values may as well ariſe by Cyphers, as by other 
Figures; for inſtance, 6 ſtanding by it ſelf, repreſents but Six 
Units: But if a Cypher be annext to it thus, 6o, then it becomes 
Sixty ; for the Cypher poſſoſſing the place of Vit, hath thereby 
removed the 6 into the place of 1%; and another C more 
would make it 500, Six Fhnrdred, &c. 

Whence it may be noted, that aitho' a Cyphoy of it f-If ſigniſie 
nothing (as hath been {aid betore) yt being placed on the Night 
Hand of any Figure, it augments the value of that 147272 by 
advancing it into a higher place than otherwiſt: it would have 
been, had not the Cypher been there. 

Take one Example more in Nuzzeratio, iſ you pleaſe, that 
in the Table, vis. 678987654221, which is, according as is 
there ſignified, 


Si 


Ml 


_ 


Arittmetick. Part I. 


— — — — — — — — — — — DC. — “ —— — 


Six Iſundred Seventy Eight Thouſand Millions, 

Nine Hundred Eighty Seven Millions, 

Six Hondred Fifty Four Thouſand, 

Tree Hundred {=centy One Units, Of any propoſed Species 
or Oauntities whatſocver. 

And here it may be obſerved, that every Third Figure from 
the place of U;/75, bears the Name of Haudreds; which ſhews 
that if any great S be parted, or rather diſtinguiſhed into 
Periods, of 'Uhree Tigres in each Pericd (as in the foregoing 
Table) it will be of good uſe to help the young Learner in the 
caſier valuing and expreſſing that Sr. 


Scct. 2. Of Addition. 
Poſtnlate or Petition. 


That any given Number may be increaſed or made more, by 
purtii's another Number 70 it. | 

Addition is that Rz/e by which ſeveral Nemzbers are collected 
and put together, that fo their % or Total Amount may be 
known. 

In this Nile Two things being carefully obſerved, the Work 
will be cafily performed. 

1. The firſt is the true placing of the Numbers, ſo as thit each 
Figure may ſtand directly underneath thoſe Figures of the ſame 
value, viz. Place Units under Units, Tens under Zeus, and 
Himdreds under Hndreds, &c. 

Then underneath the loweſt Rank (always) draw a Line to 
ſeparate the given Numbers from their $2 when it's found. 

Example. It theſe Numbers 54327, and 2651, were given to 
be Added together, they muſt be placed | 

54327 
Thus, 7 777 


— — 


—— 


2. The ſecond thing to be obſerved is the due Collecting or 
Adding together each Row of Figures that ſtand over one another 
of the ſame value: ard that is thus performed. 


R ite. 

Always bein nour Addition at the Place of Units, aud Add 
together att the Y igures that ſtaud in that place, aud if their Sum 
be indy Ten, fer it down below the Line underneath its own 
peace ;, but if 1her Sum be inore than Ten, you muſt ſet down 
enty tlie over fins, on odd Figure above the Ten (or Tens) and ſo 
many Lens as the Sem of He Units 30721 to, you muſt carry 
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ro the fflace of Tens; Adding them and all the Figures that 


ſtand in the pace of "Tens together, in the ſame manner as thoſe 


of the Units were Added ; then preceed in the ſame order to the 
place of Hundreds, and ſo on to each place until oll is done. 

The Sum arifing from thoſe Addzrions will be the Zoral 
Amount required, 


Example t. 
Let it be required to find the Sum of the aforeſuid Numbers, 


bs 54327 
* 1 2651 


56978 the Sum required. 

Beginning at the place of Unirs, I fay 1 and 7 is 8, which 
m_ leſs than 10, I ſet it down (according to the Rue) under- 
neath its own place of Units ; and then 1 to the place of 
Tens, ſaying 5 and 2 is), which being leſs than 10, I ſet it down 
underneath its own place of Tens, and proceed to do the like at 
the place of Hundreds, and then at 8 ſetting each of 
their Sums underneath their own reſpective places : Laſtly, 
becauſe there is not any Figure in the lower Rank to be added 
to the Figure 5, which ſtands in the place of Ten 7 houſands, in 
the upper Rank, I therefore bring 7 xi the ſaid $5 to the reſt, 
placing it underneath its own place, and then I find that 
54327 ＋2651 256978, the true Sum required. | 


Example 2. 


Suppoſe it were required to find the m of theſe Numbers, 
2578+496+742+184+95- Theſe being placed, as before 
directed, will ſtand as in the Margin. Then beginning (as before) 
at the place of Units, ſay 5 and 4 is 9, and 2 is 11, and 
6 is 17, and 8 is 25, ſet down the 5 Unrs underneath its 3578 
own place of Cuits, and carry the 20, or two Tens, tothe 496 
place of Tens (at which place they are only 2) ſaying, 2 742 
and 9 is 11; and 8 is 19, and 4 is 23, and 9 is 32, and7 184 
is 39, ſet down the 9 underneath its own place of Tes, 93 
and carry the 3o, or three Zens (which . is 300) — 
to the place of Hundreds, at which place they are but 3, $5095 
ſaying, 3 I carry and 1 is 4, and 7 is 11, and is 15, and 
5 is 20, here becauſe there is no Higure overplus (as before) Iſet 
down a Cypher underneath the place of Hundreds, and carry the 


4 Zens (or rather the 2000) to _ place of 7{o2ſands, ſaying 
38 


— ...tt ten 
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(as before), 2 1 carry and 5 is 5, which being the laſt, I ſet it 
down underneath its own place, and all is finiſhed. And find the 
Se or Zotol amount to be 5295==2578+496+7342 +184 +95. 
If this Example be well conſidered, it will be ſufficient to 
ſhew the uſual Method of AHdition in Whole Nuzzbers ; but to 
make all plain and clear, I ſhall ſhew the young Learner the 
eaſon of carrying the Teus from one Degree or Row of Figures, 
to the next Superior Degree, which is done purely to ſave 
Trouble, and prevent the uſing of more Figures than are really 
neceflary, as will appear by the following Method of adding 
together the ſame Nzmbers of the laſt Example. 


Thus, Add together each ſingle 3.57718 
Row Of Figures by it ſelf; as if there 14.976 
were no more but that one Row, 1714.2 
ſetting down the Sum underncath its ; 118˙4 
ewn place. BEE 
The Sunn of the Row of Units, is {| 215 

The Sum of the Row of Jeus, is : 317/10 Add 
The Sim of the Row of Lund. is III) o 
The three Zhonjard brought down zi o' o 


The Sum or Total Amount as before, is 5095 


From hence I preſume it will be caſie to eonceive the true 
Reaſon of carrying the aforeſaid Tens; and alſo that Cyphers do 
net augment or increaſe the Sm in Addition. (Sce Page 4.) 

might have here inſerted a Lincal Demonſtration of this 
Nude of Addition ; but I thought it would rather puzzle than 
improve a voung Learner, eſpecially in this place; beſides the 
R -afon of ic is ſulficientiy evident from that Natural Truth of 
IJ O boing aud to all its parts taken tegether. Euclid. 1. 
Axiom 19. 

Ihat is, the Ninmbers which are propoſed to be Added 
together are by that Axiom underſtood to be the ſeveral parts 
and their Sc or Total Amount found by A4aition is underl:ood 
to be the whole, 

Ard from thence is deduced the Method of proving the 
Truth of any Operation in Addition, vis. By parting or ſeparating 
the given Nie s into Two Parcels (or more, according to the 
largeneſs of it) and then Adding up each Parcel by it ſelf: For 
it thoſe particular Suns 10 found, 15 Added into one Sum, and 


That Sam prove Equal or the ſame with the Tora Sum firſt 
| found, 
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found, then all is Right; it not, care muſt be taken to diſcover 
and correct the Error. 


Example. 


5647 

3289 The Sum of theſe Parts is, 12952 
4016 

Add 


29009 
5207 8 The Sum of theſe, is 9513 
1606 — 


The 7% Sum of . The Sum of cachÞ | 4165 
all theſe Parts 22465 Parcel put together 


— —u— 


Sect. 3. Of Dubitracion. 
Poſtulate or Petition. 


2 hat an y Number 7z2ay be Dimiuiſbed, or made Leſs, by taking 
| another Rumber rom it. 


Subſtracten is that Rule by which one Niiber is Deducted 
or taken out of another, that ſo the Reiainder, Difference, or 
{:ixceſs may be known. 

As 6 taken out of 9, there Remains 3. This 3 is alſo the 
Diferencè betwixt 6 and 9, or it is the Exceſt of 9 above 6. 

Therefore the Number (or Sum) out of which Subſtrattion is 
required to be made, muſt be greater than (or at leaſt equal to) 
the Subtrahend or Ninnber to be Subſtracted. 

Note, This Rule is the Conver je or Direct contrary to Addition. 

And here the ſame Caution that was given in Addition ; of 
placing Figures directly under thoſe of the ſame value, viz. Unils 
under Cuits, Zens under Tens, and Hundreds under Hundreds, 
&c. Mult be carefully obſerved ; alſo underncath the loweſt 
Rank there muſt be drawn a Line (as before in Audition) to 
ſeparate the given N»mbers from their Difference when it's found. 

Then having placed the lefler Number under the greater, the 
Operation may be thus performed. 

Rule. ü 

Begin at the Right Hand Figure or place of Units (as in 
Addition) and rake or Subſtract rhe lover Figure in that place 
from the Figure that ſtands over = ſetting down the Remainder 

x 2 67 


— — . 
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or Ditference underneath its own place, if the Two Figures 
chance to be Equal, ſet dun a Cypher. Bur if the upper 
Figure be Lefs than the lower Figure, then yorr muſt Add 10 to 
the 1pfer Figure, or mentally call it 10 more than it is, and from 
hat Sum Subſtract zhe /orrer Figure, ſetting down the Remainder 
(as before directed.) Now becauſe» the 10 thus added, was 
ſ1þf08'd to be borrow'd from the next Superior place (viz of Tens) 
in the upper Figures, therefore you miſt either call the upper 
Figure in that place from whence the 10 was borrow'd, one leſs 
than really it is, or elſe (which is all one, and moſt uſual) you 
muſt ecl, the lower Figure in that place one more than it really 
3s, and then proceed to Subſtraction in that Flace, as in the 
Jormer : and ſo gredually on from one Row of Figures to another, 
until ali be done. 


Example 1. 
Let it be required to find the Difference between 6785, and 
4572. Thar is, let 4572 be Subſtrafted from 6985. 
Theſe Nrmbers being placed down, as before directed, will 
ſtand | 


C 6785 
Thus 3 2772 


2213 | | ; 

Beginning at the place of Cyuits, take 2 from 5 and there 
will Rexzan z, which muſt be ſet down underneath its own place, 
and then proceed to the place of Tens, taking 7 from 8, and 
there will Reiaarn 1, to be ſet down underneath its own place; 
again at the place of Hundreds, take 5 from, and there Remains 
2, which ſer down, as before; laſtly, rake 4 from 6 and there 
will Remain 2, which being ſet down underneath its own place, 
the Wor': is finiſhed, and the Difference ſo found will by 
2213=267j$5—4572, as was required. FIT 


Example 2. 


The Difference between 5849, and 7496 is required. 

Having placed the Nzmbers as in the Margin, begin 
at the place of Unirs (as before) and ſay 9 from 6 cannot 7496 
be, but 9 from 16 and there Remains), to beſet down 5849 


under its own place, next proceed to the place of Tus, —— 


where you muſt now pay the 10 that was borrowed to 1647 
make the 6, 16, by accounting the upper Figure 9 in that 

place one leſs than it is, ſaying, 4 from 8 and there Remains 4, 
or elſe (which is the mot practiſed) ſay 1 I borrowed and 4 is 5 


from 
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trom 9 and there Reigaius 4, to be ſet down under its own place 
(as beiore) ; again at the place of Hundreds, ſay $ from 4 that 
cannot be, but 5 from 14 there will R-:4722 6 to be ſer down ;- 
and here I have borrowed 10 (as before) which muit be paid in 
the ſame manner as the other 10 was, v/2. either by calling the 
in the upper Rank but 5, ſaying, 5 trom 6 there Remains l, or 
elſe by ſaying 1 borrowed and 5. is 6 from) and there Remains 
1, which being ſet down under its own place all is done, and the 
Difference required will be 1647==7496—5849. 


Example z. 
From 830476 
Take 741068 


Remains 89408 


By this Example you may perccive that Cyphers in tha 
Subtraheng, viz. in the Numbers to be Suliſtracted, do not Diminiſh 
the Nein ber from whence Subſtrattion is made. See Page 4. 

Theſe Three Examples I preſume may be ſufficient to ſhew 
the young Learner the Method of Sſtracting whole Numbers ; 
as for the Reaſon thereof it's the ſame with that of Addition, 
Page 10, viz. of the hole being Equal to all its parts taken 
together. 

That is, in this Rule the Number from which Subſtraction 
is required to be made, is underſtood to be the whole, and the 
Subtrahend or Number to be S:bſtratted, is ſuppos d to be a part 
of that whole, conſequently it that part be taken from the whole, 
the Remainder will be the other part. 

From hence is deduced the common Method of proving Sb: 
ſtraction, by Adding together the Subrrabend and the Remainder. 
For if the Sm of thoſe Two which are here called Parts, be 
Equal to the Niuber from whence S1bſtraftion was made (which 
is here called the whole) then the Work is Right ; if not, care 
mult be taken to diſcoyer and correct the Error. 


Example. 
From $9455 


Take is ed 


11827 | | 
Proof 7— — The Sum which is Equal to the Number from 
5943 4 whence Subſtraction was made. 


Or 
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Or from the aboveſaid Reaſon, it will be caſy to conccive how 
to prove the Truth of Sανfννν˙νν by Sr1bſtrof7tcge. 


For if from 59435 being berg the whole, 
there be taken 47608 as part of that whole, 


there will NRemain 11827 the other part (as before) 
And it from 59435 the Whole, there be Subſerattcd 
the laſt part, vi. 11827 

there will Remaim 475603 the firſt part, or Niiiaber which was 
required to be brit $:b/tr after. 


From 75643 From - *26ccco 

\ * a Fa J 
Take ec lake 9864232 
66043 cmains 6215565 


. 
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Scct. 4. Of Multiplication: 


Multiplication is a Ne by which ary given Nr may bo 
ſpecdily Increaſed, according to any propoſed Nor of Times. 

That is, On? Number 75 14:4 to Muttiply ar07{1er, ehen the 
Number Multiplied zs {6 ofrezz Added 70 77 , as there ove Units 
in the Number Multiplying ; 7 26/40 Number 75 produced. 
(Euclid. 7. Det. 15.) 

To perform Multilication there is required two given 
Aumbzrs, called Faclors. 

The Firſt is that Naber which is to be AHH⁰ilied, and is 
generally put the greateſt of the TM N, commonly call'd 
the Mulriflicand, 

Ihe other is that N⁰⁰tͤ‚.ÿꝓer by which the Firſt is to be Multi- 
lied, and is uſually called the 37777 7icttor or Urniriplier ; and 
this denotes the Number of 7 irs that the AHhutiplicand is 
required to be Added to it felt, For ſo many Urs as are 
contained in the Aultiplier, fo many times will the Multi plicaud 
be really added to it ſelt, (as per Enchd above.) And from 
thence will ariſe a Third Number, called the Preduct. But in 
Geometrical Operations 775 called rhe Rectangle or Plain. | 

For inttance ; {uppoſe it were required to Increaſe 6 Four 
times, That is, to Aw#/7z71y 6 into or with 4, theſe Two Numbers 
are to be {et (or placed) down as in Aaditicu or S15ſtraftion. 


Thus 


— 
4 
4 

o 
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Thus F 6 Awiiplicand, 
2 4 Multi lier, 
Product 24 vis. 4 times 6 is 24, as plainly appears 
5 „ + 6 . 8 1 * 4 
by Addition, viz. By Setting down 6 Four |1 
times, and then adding them together into one 2 6 ( Agg 
Sum, Thus [3] 6 


or Factors. . 


From hence tt 15 Hvident that Multiplication 
is only 4 Conciſe or Compendious way of 24 
Adding auy giv Number 70 it ſelf, ſo often a5 any Number of 
Times ia be propoſed. 

Before un Operation can be readily Perform'd in. Maltiplication, 
the ſeveral Products ti fingle Figures, one into another muſt 
be perfectly Learn'd by Ticart, viz. That 2 times 2 is 4, that 3 
times 3 is 9, that 3 times 6 is 18, Sc. According as they are 
expreſſed in the following Table. Wherein I have omitted 
Aultiplying with 2, it being fo very eaſie that any one may do it. 


Aultiplication Table. 


38323 914X4=15|5X5=25]6 X6=36 
3XJ—12|4X5=20|5X6=30{6X7==42 
2X5—15|4X6=24 5X7=35]5X58=48| 7 X9y=6 
3X6—=1814X7=25 5X$=40; 

3X7=2114X$=32|5X9==45 


7&7 2240 88264 
XS 58ND 


3[9x9=81 
6X 9==54| —— i 


I think it ncedleſs to give any Explanation of this Table 
for if the $7975 and their S/g721/2carions be well underſtood, (vida 
Page 5) it mult needs be caſic. Only this may be noted, that 
4X3=3X4, or JX5=5X97, Oc. | 

That is, 3 times 4, is the ſame with 4 times 3, or 5 times 7, 
is the ſame with / times 5, c. The like muſt be underſtood of 
all the reſt in the 7 ab/e. 

And when all theſe ſingle Products are ſo perfectly Learn'd 
by Heart, as to be {aid without pauſing; you may then proceed 
(but not till then) to the Buſinets of M . ge ; which will 
be found very cafie, if the following Rude (and Examples) bg 
caretully obſerved, 

Rute. 


Alævays begin ith that Figure which ſiguds iu the Units place 
of. the Multiplier; ana gr,, it Multiply e Figure «which ſtands 
its 
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272 the Units place of the Multiplicand ; if their Product be Leſs 
an Ten, ſet it doxen nnderneath its. 0% place of Units, aud 
proceed to the next Figure of the Multiplicand. Yut if their 
Product be above Ten (cr Tens) then ſet dozen the Over plus 
oh (or cd Figure, as 77 Addition) and bear (or carry) the ſaid 
Ten or Tens 77 177d until. voi have Multiplied the next Figure 
of the Multiplicand, <e:7h rhe ſame Figure of the Multiplier; 
then to their Product Aud the Ten or Tens brarcd in min, 
ſetting dotun the overfins of their Sam above the Tens, as 
before: and ſo proceed on in the very ſaine mammer, until ali the 
Figures / Multiplicand are Multiplied 20ith that Figure of 
the Multiplier. 


Exam t. 
Suppoſe it were required to 17zriply 32 13 into or with 3. 


J21Z Aluttiflicand 
; Multiplier, ; J or Factors. 


Product 9639 

Beginning at the Urs place, ſay, 3 times 3 is 9, which 
becauſe it is leſs than 26, ſet it down underneath its own place, 
and procced to the next place of Teng; ſaying 3 times 1 is 3, 
which ſet down underncath its own place, then to the next place, 
viz. of Hundreds, ſaying 3 times ,z is 6, which ſet down, as 
before; laſtly, at the place of Thor ſands, ſay 3 times 3 is 9, 
which being 18 down underneath its own place, the Operation 
is finiſhed ; and the true Product is 9639=3213X3, as was 
required. 

| Example 2. 

Let it be required to Multi tiy $559 into 8. Set down theſe 

Numbers as be Orc, 


Thus 4 9569 


68552 | 2 

Beginning at the Cits place ſay, 8 times 9 is 72, ſet dowri 
the 2 underneath its own place of Uits, and bear the 70, or 
7 Tens in mind, and proceed to the next Figure of the 
Alultiplicand (at which 3 the ) Zens are only )) ſaying 8 
times 6 is 48, and the 7 carried in mind is 55, ſet down the 
odd 5 underneath its own place of Tens, and carry the 50 
(which is really 500) to the next place (vis. of Hundreds) at 
which place it's only 5, where ſay, 8 times 5 is40; and the 5 
carried in mind is 45, ſet down the 5 underneath its own place z 
and carry the 40 or 4 Tens (which is really 3000) to the 
| next 


8 4 
a . On * 


: * 
19 
ks 
j 

* 

- 
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next place, 2. of T honſands, ſaying, 8 times 8 is 64, and 4 
carried in mind is 68. (Now this being the laſt place or Figure 
to be Multiflied) ſet down the whole Product 68, and the work 
is done. 

So that, 8569x8=585 52, the Product required. 

Now the Reaſon of this and all other the like Operations, 
may be caſily conccived from this which follows, 


856 ? FThe ſame Faflors as before. 
dy g Here 8 times 9 is but 72, as before, becauſe the g 
5 U ſtands in the Units place. 


Now here it is not rcally 8 times 6248, but it is 
© 


418 1 GODS, becaulc the 6 ſtands in the place of 

Zeus. 

And here it is not 8 times 5 0, but it's really 

© 5 times 500==4000, becauſe the 5 ſtands in the place 

of Hundreds. 

Laſtly, becauſe the 8 in the Aſultiplicand ſtands 

614.010 0 , in the place of Thouſands, it's therefore, 8 times 

| 8$c00==64000, and not 8 times $=64. 

68552 0 The Sum of rhe particular Products, which gives 
the true Product, as bctore. 


{ 


By what hath been already faid, with a little Conſideration 
had to the Examples: I preſume the Learner may caſily under- 
ſtand how to Multiply whole N:zbers with any ſingle Figure. 
And when it is requir'd to Multiply with more than one; Then 
ſo many Figures as there are in the AMaltiplier, ſo many particular 
Produtts there mult be. 

That is, all the Figures of the Multiplicand muſt be 
Multi plied with every ſingle Figure of the Multiplier as if there 
were but one ſingle 5 ; and the Sum of all thoſe particular 
Products, will be the True Product required; but in thoſe 
Operations great care muſt be taken in ſetting down the particular 
Produtts, (which ariſe by cach Multiplyiug Figure) in their 

roper places. Which will be eafily done if the following 
Dirsctions be carefully obſcry'd. 


Always place the firſt F;grre (or Cypher) of every 
) articular Product, directly underneath the Multi plyis g 
= Or thus : . | 


The Firſt Figure (or Cypher) of Hue ſecond particular Product 
mnſt ſtand diretily under the ſecond Figure (or place) of the 
Firſt Produet; and rhe Firft Figure {or Cypber) of rhe Third 

| Fa D Zarticulær 


Viz. 


— 
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particular Product, zauſt ſtand airettiy underneath the Third 
Figure of the Firſt Product: Aud fo o 1ntil all is done. 

Now the reaſon of placing the firſt Figure of every particular 
Product in this order, will be very obvious to any one that 
conſiders the laſt Example; wherein the Cyphers arc only ſet 
down to ſhew the true diſtance of the firſt Figure in each 
particular Produf from the Units place. And altho' it is not 


uſual to ſet down Cyphers in this manner; yet they are always 


ſuppos'd to be there: That is, their places are always left void. 
as in the 'Iwo following Examples ; wherein I have placed 
Points inſtead of G / . 
Exainple z. 
Let it be required to Multiply 758294, into or with 756 A 


780947 N 
1553 5 Fatlers 
234282 The Firſt particular Preduf with 3 
458564* Ihe Second particular Product with 60 
390470** The Third particular Product with 500 


5466 58 The Fourth particular Product with 7<00 


— 


590624922 The Total, or true Product required. 


Example 4 
Supp ole it be required to Multipiy 37498 into 60ce8. 
| 57495 9 
600558 
459984 The Product with 8 


344988 · The Product with G600co 


3452339984=57498X6ccc8 as was required. 


Here you may obſerve, that l paſs over the Cyphers, and only 


4 


take care of pacing the firſt Predutt of the laſt Figure, viz. of 


coc according to the foregoing Directions. 

When there is a Cypher or Cyphers, to the Right-hand either 
of the Multi flicamd, or Multi plicator, or to both; in that caſe 
Multiply tho Figures as before; neglecting the Cyphers until 


APES ſo many Cyphers as are in either or both the Factors. As 
IN the e. 0 


Example 5. 


1 } 
3 


J © f t 
the particular Predzs are added together; Then to their Sum © 


— — — 
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Freamfle 5. Exainfle 6. Example 7. 
9538 | 87509 785000 
4.609 79 56909 

57228 7884 7065 

38152 6132 9 8 

Sel — — 3925 

43874800 6920400 — — 

44666500000 


Take a few Examples without their Mor at large. 


75649X579=43800771 
687000X356==244572000 
530674X45007=2 3884044718 
7901375X53000C=237041250000 
557084000X590JC0=517255518800000 
I02030405X504930201I=51426405540261405 
9875 54321 X1234567869=121932641112635269 


Note, If it be required to Multiply any Number with 10, 
co, 1009, 10000, Ec. it's only Annexing the Cyphers of the 
arg lien to the Jigures of the Multiplicaid, and the Work is 

one. 1 

Thus 5 579XIO 5780. 57578X1000 S578 o 

0 "L 57SX100=57800. 578X10000=5 780000 c&c. 


Theſe Examples (being well underſtood) are ſufficient to 
inſtruct the Learner, in all the Varicties that can happen in 
AMultifplying of whole Numbers, according to the Method 
3 practiſed: However it may not be amiſs to ſhew here 
how MMaultiplicatiom may be performed (with many Figures) by 
Aadition only. | | 


Example. 


Let it be required to Nultiply 879654 into 79863. 
; In order to perform this (or any other Operation of this kind) 


"<> 
4 


# 


by A44irion only; you muſt make a Tariffa or {mall Table of 
the given Mulriplicand, in this manner: 

* firſt, Make a ſmall Column, and in it place gradually 
dounward the Nine fingle Figures; viz. I. 2. 3. 4. 5. &c. 


D 2 Then 


* 


— — — _—_ 
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— 


Then againſt the Fi2rry 1, fet down the AMultiplicand 
(which in this Frompre is 879654) and againſt the Fignre 2, 
ſet down the double of the 7Mwrlriplicand, found by Adding 


it to its ſelt; Jo this double 444 the Aluttiplicand, ſetting 
down their Sm againſt the Figure 3. And 


ſo proceed on by a continued AHditiom until I| 879654 
there be Jen times the Aſiltiplicand in the 211759508 
able, which, it the Work is true, will be the 312638962 
Nſultiflicand it ſelf with a Cypher to the 413518676 
Right-hard of ir (as in the Annexed Table) 5 | 4598270 
this being done, it will be eaſie to conceive, 6] 5255924 
that the Tg in the ſmall Column of the [6155578 
Table, do reſpeFtively repreſent thoſe of the 817837282 
Alultiflier 3 And that the N. againit 9 2916886 
any of thoſe Fignyes in the tmall Column, will PORT e eee 
be the true Yycduct of the Muti flicand — 


agreeing to any Tigure ot the Trlriplier; as plainly appears by 


the Work of this Exam, Je. 


RY 019654 J The Fuclers as before. 
Againit 2, in the Talie is 26289962 —$859554.X3 

Againſt 6, i, 29 4 87965400 

Avgainit 8. T w 37232 —$796 54 X800 

Againſt 9. 1 910886 =8796 54 X9GCCO 
genie 7, 4158 =$79654X50000 


F ; — — — — 

Je Pied TI HUNG E325 4502492 8796547986; 

— pF par » * * Y 1 5 0 m 3 . . 

Nets, This Method of Tabulating the AfuliiZlicend, is both 
cake and certain; being neither ſabjoct to Errors, nor burthen- 
= 1 "8 ; e » PR BE . C # . . 4 . o 
ſomc to tae Memory, and torotore in large Calculations it may 


be found very ufcfül. Bui for commu practice the uſeful 


C «4 


Method (as in ZcS9 15, Cc.) is beit, and to be preferr'd before 


this. 

Moſt Alaſters that teach. {and fe rera! Authars that write of ) 
Arithinerick, do teach to prove the Truth of HiHutigflicaticu, by 
caſting away all the Nees ther are contain'd in both the Factors, 
and their Y πε but becaufe that Method is very erroneous, 
as might be cafily lied: | ſhall therefore omit inſerting it, 


and Jcave the Proof of 31/:77iF/ication to the next Settion, 


wherein (I preſume) the Reaſon and Proof, both of it, and 
Diviſen, will plainly appear. 


Sect. 5, 


Chap. 2. Of Diviſton. 21 


Sect. 5. Of Diviſion. 
Tiviſion is a Nule by which one Ninnber may be ſpeedily 


Subſtracted from another, ſo many times as it is contained 

therein. | 

That is, It ſpeedily diſcovers how often one Nnmber is 
contained (or may be found) in another : And to perform that 
there are required 'T'wo Numbers to be given. 

1. The one of them is that Nzmber which is propoſed to bo 
Divided, and is called the Dividend. 

2. The other is that Number by which the ſaid Dividend is 
to be Divided, and is called the Didi ſoy. | 

And by comparing theſe 'T'wo, viz. the Dividend and the 
Diviſcr together, there will ariſe a Third Numer, called the 
Puerient ; which ſhews how often the Diviſor is contained in 
the Dividend, or into what Nennen of Equal Parts the Dividend 
is then Divided. Therefore, 

Diviſion zs by Euclid iy term'd rhe meaſuring of one Number 
by another, viz. one Number is ſaid to Meaſure another by that 
Number, which when it Mulriplics, or is Multi plied by it, it 
produceth. Euclid. 7. Def. 23. 

Aud, if a Number meaſuring another, Multiply, hat Number 
by ich it AMleaſureth, or be Multiplicd by 77, it preduceth the 
Number which it Meaſireth. Euclid. 7. Axiom 9. 

That is to ſay, If that Number which Dividis another, (called 
the D:viſor) be Aſultilie with the Nile which is produced 
by Diviſion (called the Quotient) their Pradvet will be the 
Nr::mber Divided or Dividend. Whence it follows that Diviſion 
and Multiplication are the Converſe or Direct Contrary one to 
another (as S$:bſtrafticn is to Addition) and do mutually prove 
the Truth of cach others Operatzons. 

I ſhall therefore make choice of the foregoing Examples in 
Iultięlication, in order (as I preſume) to render the Buſineſs 
of Diviſiem more: plain and cake. 

Firſt, Let it be required to find how oſten 6 is contained 
in 24. That is, to Dude 24 by 6. 

N. B. Always place down the given Nimbers in this order; 
Firſt ſet down the Diener, and to the Right-hand of it draw a 
crooked Line; then ſer down the Dividend, and to the Right 
of it draw another crcoked Line, in which muſt be placed the 
Quetient Figure, or Figures as they become found. 


Dividend 


— rrnn 


n 
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Dividend 
1 Di viſor 6) 24 (A the Olliotient. 
Here I confer how many times 6 there is in 24, ard find 
it 4, v/2. 4 times 6 is 24, therefore 4 is the true Quotient or 


Anſeeer required. 


2 . 
. . . 4 — * 24 
This is apparent by Subſtraction, 22 11 * 
as in the Margin, where 24 the = 8 5 
Dividend being ſet down, and from . 
it 6, the Didiſor is continually I FI” 
i BS ne 1 p WV 112 
Sibiſiratſed ſo often as it can be, PS ifs 
which is juſt 4 times. Therefore 4 31-1 
5 - . N 
is the true Qro/reut or Anfecr 8 2 6 
required. GH & 6 
© 


Corollary. 


From hence it is evident; that D/ viſſam is but a Conciſe or 
Compendions Method of Subſtratting one Arber from another, 
ſo often as it can be found therein; for if the. /\:viſer be 
continually Strate from the Dividend, accounting an Unit 
(or 1) for cach time it is Sybſtrattcd (as above) the Su of thoſe 
Units will be the Qetient. 


All Operations in Diviſon do begin contrary to thoſe of 
AMultiflication, 41%. at the Firſt Fignre to the Left-hand, or 
that of the higheſt Value, and Decreaſe the Dividend by a 
repeated S$r:trattion of cach Preanet ariſing from the Divi ſor 
when Multiplied into the Protient Figure. And the only 
difficulty in Diviſicz of hee Nun, bers (or indeed of any 
Numbers) lies in making choice of ſuch a tiert Figure, as is 
neither Joo big, nor Too little; and that may be eafily obtained 
by obſerving the following Rule, which hath two Caſes. 


Rule. 


Caſe 1. As often as the Firſt Figure of the Diviſor is taken 
frex the Firſt Figure of ihe Dividend: & often muſt rho Second 
Figure of the Diviſor be taken from the Second Figure of the 
Dividend, æchen it's joyned with what Remains of the Firſt. 
Aud as often muſt the Third Figure of the Diviſor be taken ſrom 
the Third Figure of the Dividend, Sc. ; 

But if the Firſt Tigure of the Diviſor cannot be taken from 
the Firſt Fi2+4re of the Diuilnd. Then, | 


Caſe 


— * — 
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Caſe 2. $9 en as the Firſt Figure of the Diviſor, is raken 

from the Lu Firſt Figures of the Dividend, ſo often miſt rhe 
Second Figure of the Diviſor be taken from the Third Figure of 
the Dividend, when it's joyn'd with what Remain'd of the 
con: And fo often mnt the Third Figure of the Diviſor be 
token from the Foiirth Figure of the Dividend, &c. 
That is, the Orotiemt Fignre mult be ſuch, as being Multi lied 
into the Drvvfor, will Prodrce a Prodntt Equal to ſuch a part 
of the Dividend as is then taken for that Pperation: But if ſuch 
a Product cannot be exactly found, then the next leſs muſt be 
taken, and ordered, as in the following Exam ies: of which let 
that in Page 16 be the firſt, wherein there was given 8569 the 
Multi plicau, and 8 tne Multiplier. To find the Hedi 685 52. 
Let us here ſuppoſe the ſaid Troduct 68552, and 8 the 
Multiplier, both given; thence to find the Multi licamd. That 
is, Let it be required to Divide 68552 by 8. 


Dividend 
Diviſor 8) 68552 ( Quotient when found. 


— 


According to the Rille, Caſe 1. I compare 8 the Divi ſor with 
6 the Firlt Figure of the Dividend, and finding | cannot take it 
from that; 1 then conſider (by C2/e 2.) how often 8 can be 
taken from 68, the Two firit Figres of the Dividend, and find 
it may be taken 8 times; for 8 times 8 is 64, being the greatelt 
Product of 8 (into any Fignre) that can be taken from 68. I 
therefore place $ in the Qifoticut, and with it Maltiſiy 8 the 
Diviſer, ſetting down their Product underneath the ſaid Tuo 
Firlt Figures of the Dividend, Subſiratting it trom them, and 
then the Work will ſtand 


Thus 8) 68552 (8 
64 


4 


In order to a Second Oferation, I make a Point under the next 
Figure of the Dividend, viz. under the 5, and bring it down 
underneath its own place to the Rewaindrr 4, whica will by 
that means become 45. Then I confider how many times 8 
can be taken from 45, and find it may bz 5 times; tor 5 times 
8 is 40, I therefore place 5 in the Quotient, and with it 17::iriply 
S the Div ſor, ſetting down and Sybfratting their Predulct, as 
belore. Then the Work will ſtand | 

Thus 


& 
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Thus 8) 68552 (85 
8 


— 


45 
40 


5 
For a Third Opcration, I make a Point under the next 
Figure of the Dividend, wiz. under the 5, and bring it down, 
as before, proceeding in all reſpects, as before; and then the 
Work will ſtand 
Thus 8) 68552 (856 
64** 


7 
Laſtly, I point and bring down the 2, vis. the laſt Figure 
of the Dividend to the Remainder 7, which will then become 
72, and procceding as in the other Oyerations, I find that 8 the 
Diviſcr can be taken Juſt 9 times from 52, and the Work is 
finiſhed, and will {tand | 
Thus 8) 68552 (8569 
64 ® 0 
45 
45 
1 
48 
72 
72 


—  —— 


©) 
The Truc ©r077ent is found to be 8569, being exactly the 


Eighth part of 68552, or the Muliiplicand of the propoſed 


Example of Multiflication. As was required. 
The Reaſon of theſe Operarions will be yery plain to any one 
that will a little confider of it as follows, 8 
| Divi ſor 
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Diviſer$)6 8 5 52 (8000. The Firlt @rorzent or Figure. : 

| | This Froduct of the Diviſer into the 
4 


| Quocticut is 64000. vis. 8 times $000. the 

Sid ſeract j6]4'olvjoy Quotient Figure being always of the ſame 
Value or Degree with that Figure under 

| which the U7277's place of its Product ſtands 


— — — 


— Q WY A 


Diviſer 8) [415 52 (509. The Second Qrotient Figure. 
gib gat ee And here the Product is 40. viz. 8 
uoſtratt age times 529. not 8 times 5, Ec. 


52 (60. The Third Ouotient Figure. 

g. Alſo here the Pfeduct is 480. vis. 8 

times 60. for the Reaſons aboveſaid. 
«Amon ic ag IN 

Diviſor 8) 7]2 (9. The Fourth tient Fignre. 

Now here the Frodnt is but 52. vis. 


3 
4 


Diviſor 8) 
Sub ſtract | 


Srbftraft 712 49 times8. becauſe the 9 ſtands in the place 
of Units. 

; — — — nnn 

Remains ( 00) Now the Siu of ali the ſeveral Quotients, 


a 1% 85594500 +62+9=S8569g. as before. 


If the Proceſs of this Example be well conſidered and compared 
with that of Multiplicatios, Page 17. it will evidently appear 
to be only the Corverſe of that; for the particular Products are 
alike in both, only that which is Laſt there, is Fiſt here; there 
racy are Added, here they are Sbſtrafted. So that whoever 
underſtands the true Reaſoz of the one, muſt needs underitand 
the Reaſon of the other, and then Dviſion will become very 
Zaſie, although the Diviſor conſiſt of leveral places of Te. 


Zxample. 


Let it be required to Divide 599624922 by 756 3. 
a Dividend 
Diriſer 7563) 590624922 ( 
5 "Tis plain at fight, that 5563 the 2/07, cannot be taken 
> from 5906. the like Number of Figures in the Divided. 
. Therefare, by the S con Caſe of the Rule (Page 25.) there 
— muſt be allowed Five Figures of the Li idend, vis. 59062 for 
te Firſt Operation or Quotient; that fo the Firſt Figure 5 of 
the Diviſor may be taken out of the TAO Firſt Figrres, vis. 59 


oi the Dividend, &C, 


E : Then 


1 
[i 


1 
17 


1 
| 
1 
„ 


— 
— 


2 
_ - 
— 
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Then I proceed (per Cafe 2.) and confider how often ) may 
be taken from 59. and find it may be taken 8 times, for 8 
times) is but 56. which I mentally Subſtratf from 59. and 
there Remains 3; to this 3 1 mentally adjoyn the Z hird Figure 
of the Dividend, viz. o. which makes it 40. out of which I 
mult take the Second Fignre of the Diviſer, viz. 5. 10 often as 
[ took the 7 from 59. which was 8 times. But that cannot be, 
for 8 times 5 is 45. which is more than 35. therefore 8 is too big 
a Figure to be placed in the Quotient; Yet, hence ] conclude, 
that the next Leſs, viz. ) may be taken without any further 
Trp. ] therefore place) in the ot ient, and with it Multiply 
the Diviſor, ſetting down their Prednft under the Dividend, 
and S1bſtratt it from thence, as in the other Example, and then 
the Horb will ftand 


Thus +5563) 590624922 (7 
52941 


6121 


In order to a S-co;:4 Operation, I make a Point under the next 


Figure of the Dividend, viz. under the 4. and bring it down 
to the Remainder 6121. which will then become 61214. with 
which J proceed in all reſpeQs as I did before with the 59062. and 
find the next Quotient Figure will bo 8. with which 1 Mulriply 
the Diviſer, &c. and Sribſtraft their Product from the ſaid 
$1214. Then the Nork will ſtand 


Thus 7563) 590624922 (78 
52941 * 


61214 
60504 


710 


To this Reqnaiunder 710. I point and bring down the next 
Tigi of the Dividend, vis. 9. which makes it 7109; now 
becauſe the Diviſor 7565 cannot be taken from 7109. I therefore 
place a gf her in the Quotient. 

And this muſt ala ys be carefully cbſerved, viz. That for every 
Figure / Cypher, which is bronght down from the Dividend, 
772 order ro @ new Operation, there mnſt always be either a 
Figure cr Cypher, ſer done in the Quotient, Then the Work 
will ſland 

Thus 


1 8 1 — W * 
« As A My „ AE 8 
: * J + _- . 
5 n * , 
LJ q - q 
4 2 WC dc . 5 
5. * Ks KS, kv 27 9. 1 a 
} "IP 


"> BCE 


— — — da dll. eu 
CO — > — —ũ— — 
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Thus 7563) 590624922 780 


/ 0 
52941 


61214 
60504 


17109 


To this 7109, I bring down another Figure of the Dividend, 
viz. 2, and then it will become 51092, then J confider how 
often ) can be taken from 71, &c. (juſt as at the firſt Operation) 
and find it may be taken 9 times, therefore I ſet down 9 in the 
Quotient, and with it Multiply the Divifor, ſetting down and 


Subſtracling their Product, as before; Then the Work will ſtand 
Thus 7563) 598624922 (7899 

72741 
61214 
60594 

71092 

| 58067 

| e 


| To this Remainder 30:5, I point and bring down the laſt 

Figure z of the Dividend, which makes it 302 52,then proceeding 
in all reſpects as before, I find the Quotient Figure to be 4, 
with it I Multiply the Diviſor, ſetting down and S ſtracting 
their Predudt as before, and then the Work will ſtand 


Thus 7563) 590624922 (78094 
a 32941 89 9 „ Be 
61214 
60504 
71092 
68067 
30252 
30252 


25 ( coo00 ) 


% 4D; l a Ns, A. 


ü * Here the Work is ended, and I find the * to be 
8c 9a, being the true Aſultiplicand of the propos d Example ot 

Maltiplication, Page 18. | 

© That is, 7563 is contained in 590624922, Juſt 78094. 

times, Oc. | 


E 2 it 


— — ĩC—ͤiöK« „„ RR. 


8 * 
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If the Work of this Example be conſidered and compared 
with the Re, (Page 22.) the whole buſineſs of Diviſion will 
be caſie; for indeed the only difficulty (as I ſaid before) Lies 
in making choice of a rue Quotient Fignre, which cannot well 
be done according to the Common Method of Diviſicn, without 
Trials, yet thoſe Trials need not be made with the whole D774 677 
(as appears by this laſt 7'xample) for by the Io Firſt Figures 
of the Divifor all the reſt are generally regulated; except the 
Second Jigure chance to be 2, 3, or 4, and at the ſame time the 
Third Je be 7, 8, or 9, then indeed reſpect muſt be had to 
the Third Fjerre according as the Ne directs. | 

However, if thoſe Trials are thought too troublefome, they 
may be avoided, and the fame Pr:cricut Figures may both caſily 
and certainly be found by help cf ſuch a ſmall Zadie made of 
the Zivifor, as was of the Miitiflicand in Prge 20. 


Let it be required to DD 


Example 4. 


. 
977 


we 


de 50251805422 by 79863. He 


the Example of Miultifhication, page 2c, aud as there dirccted, 
zue a Table of the Diviſer 79863. 


Thus, 
Zi viſer. 


29865 ) 


| 


Dividend. 


w 5 51807. AAR 
— — 8 — — 


638904 2 „ 0 
. a — 


— 


636140 


559941 
— — 
779997 
718767 
— 
522204 
24 
47217 
— — 


431250 
399315 


— 
— 
— 


# 


519452 


319452 


— — — — — 


cee 


- 


(3796 54. Quotient. 


The Work of this Operation 
preſumè may be cafily 
underitood. For thoſe Tigres 
in the 72% are the Products 
of the Diviſor. into all the 9 
Figures; conſequently thoſe 
Figures in the ſmall Celumn do 
ſhew what Figure is. to be 
placed in the ©767icrr ; with- 
out any doubtful 'T'riais of tho 
Diviſor with the Divided, as 
be fore. 


This Method of Tabulating the Diviſer may be of good Uſe 


” 
4 


to a Learver. Eſpecially until he is well practiſed in Z/rwiſton 5 
yea, a: d even then if the Diviſer be large, and a Prerrent of 
many Figures be required; as in Reſolving of high Aguatioms, 


* 


and Calculating of Affi oqical Lacie, or thoſe of Intereſt, Ec. 


oY 
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Hitherto I have made choice of Z:ramples wherein the 
Dividend is truly Meaſured or Divided off, by the Di vi ſor, 
without leaving 1 Remainder, being thoſe as were compoſed 
of the Diviſor and Qlloticnt. But it moſt uſually falls out, that 
the Ziviſor will not exactly meaſure the Dividend; in that 
caſe the Remainder (after Diviſion is ended) muſt be ſet over 
the Diviſer with a {mall Line betwixt them adjoyning to the 
Quotient. * 

Example 5. 
Suppoſe it were required to Divide 379 by 5, 


the Remainders, 


5) 379 (755 the Diviſor, 
3 
29 
25 


Remains (4) 
Example 6. 
Again, Let it be required to Divide 45589 by 67. 
67) 43789 (653 The True Puoriciz tal 
7) 45789 532 Je True Allee“ require 
402 


Remains (58) 

How ſuch Remainders thus placed over their Diviſcrs (which 
are indeed Ywlgar Jyactlious) may be otherwiſe managed, ſhall 
be ſhew'd farther on. | 

N. Z. When the Diviſer e ge to be an Cuit, viz. 1 with 
| a Cypher, or Cyphers annexed to it, As 10, 100, Ico, Ec. 
Disviiſion is truly performed by cutting off with a Point or Comma, 
* ſo many Figures of the Dividend as there are Cyphers in the 
$ Diviſer ; then arc thoſe Figrres fo cut off to be accounted a 
* Remainder, and the reſt of the Figures in the Dividend will be 
© the true Quotient required, becauſe an Cit or 1 doth neither 
= AMultifly nor Divide. 
Ter Example v. 

Let it be required to Divide 57842 by 100. The Work 
may ſtand thus, 100) 578,42 the 2r0r2ez2r Required, or 
thus 1929) 57842 (5787 the ſame as before. 
Hence it follows, that if any Diviſhy have Cyphers to the 
Right-hand of it, you may cut off {0 many of thc laſt Figures 

* in 
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in the Dividend, and Divide the other Figures of the Dividend, 
by thoſe 741g175 of the Dipiſor that are left when the Ce 
are omitted. But when Deviſion is ended, thoſe Cyphers fo 


omitted in the D:wifor, and the Figures cut off in the Dividend 
are both to be reſtored to their own places. 


Frample 8. 
Suppoſe it were required to Divide 57 5459 by 5409. 
£459) 675469 (125 
. 54 » 


Rematvs (4) But the True Remainder is 459, 
Conſcquently the True Quotient is 12531. 


As to the manner of proving the Truth of any Operation, 
cither in IInltiplication, or Diviſion, J preſume it may be eaſily 
underſtood, by what is deliver'd in Page 21, compared with © 
the Three Firlt Examples of Diviſion ; For from thence it will 
be cafic to conceive, that it the Divi ſor and Quotient be 
Multizlicd together, their Product (with what Remains after 
Diviſion being added to that Product) will be equal to the 
Dividend. As in the Fifth Erample, wherein the Dividend is 
379, the Diviſor is 5, the Quotient is 75, and the Remainder 
15 4. 

I fay, 55X5=375; to which Aud the Remainder 4, it will 


k 


be 379- 1 


Again, in the Sixth Example, the Divi ſor is 67, the Quotient 
is 653, and the Reigainder is 38. 
5 Then 653X67=45751, and 43751 438 43789 the Dividend, 
IC. 
There are ſeveral uſoſul Contraftions, both in Diviſion and 
Multiplication, *e27:c Þ have pi hα“‘A omitted until I come to 
treat of Decimal Arithmetick. Alſo I have omitted the buſineſs 
of Evolution or Extracting of Reots, until further on; and fo 
ſhall conclude this Chaprer with a few Examples of Diviſion 
unwrought at large, leaving them for the Learncars Practice. 
579) 43300771 (75649. 
Or 75649) 43420771 (579 


. 6 Dd... b 


45007) 


F 


Chap. 3. Of weights, Weatures, &c. 


45807) 238840447418 (530674. 
Or 530674) 23884044718 (45007. 
356) 244572000 (6800. 
59600 57659066400 (967434. 
10 οο 6995438200 (067954382. 
79) 282016 (356955. 
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Concerning Addition 27:4 Subſtradion of Numbers of different 
Denominations, aud how to Reduce ie] from one 
Denomination 70 another. 


SECT... 
1. Of Engliſh Coin. 


JF: H E leaſt piece of Money uſed in England is a Farthing, 
and from thence ariſeth the reſt, as in this Table. 


Farth. 
a= d. Pen. 

48 12—15: Shil. 
960222 49=20=1 4. Pornd Sterling. 


55S. is a Crown. 

And Jo is an Angel. 
65. 84. a Noble. 
135. 44, a Mark. 


Note, When J. s. 4. J. are placed over (or to the Right- ' 
Hand of) Numbers, they denote thoſe Nujubers to ſignify Pounds, 
Shillings, Pence, and Farthings. | 


' 2 
As 35 10 6 2. Or 35/1. 10s. 6:4. Either of theſe do 
ſignify 35 Pounds, 10 Shillings, 6 Pence, 2 Farthings. 
The ſame mult be underſtood of all the following Charafers, 


belonging to their reſpective Tables, viz. Of Weights, Meaſures, 
. 


2. Trey Weight. 


The Original of all Jeights uſed in England, was a Corn of 
Wheat gathered out of the Middle of the Ear, and being well 
dried, 32 of them wers to make one Penny Weight, 20 ere 

| 57g. 


4. $$fo=2 40=1:2=1 It; Porn. 
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eight one Onnce, and 12 Oumces one Porind Troy. Vide 
Statutes of 51. Hen. 3. 31. Ede. 1. 12. Hen: 7. 

But in latter times it was thought ſufficient to Divide the 
aforeſaid Penny Might into 24 Equal Parts, called Grains, 
being the leaſt 1/e7g/'7 now in common uſe ; and from thence 
the reſt are computed as in this Tad e. 


Gr. Gra. 7 By Troy eight are 
24=! Di. Feney Wieitbe.. Note, 3 We ghed Ferre!s, Gold, 
480. 20==5 2 Unncr, TH Corn, Bread, 


and all Z1440rs. 


Beſides the common Diviſions of Troy TVeight, I find in 
Anglie Notitia, or, The Preſent State cf England, Printed in 
the Year 1699, that the Moutyers (as that Author calls them) 
do Srbdivide the Gi 

24 Blauls = 1 Periot, 
20 Pericts = 1 Dycite. 
Thus ; ; 
A 24 Droites = 1 Alte. 
20 Atites = 1 Grain, &c. as before. 


z. Apot] <cories Neigl ts. 


The Apothecaries Divide a You Zioy, as in this Table, 
Gr. Grain. ; 
22= 17 Srvufle. 


60= = 1 > Dram. 


480 = 24= 8=1 Ounce. 
1 22 1 Is Troy, the ſame as beforc. 


By theſe Heights the Apethecarics Compound their Medicines, 
but Buy and Sell their Drugs, by Averduſeis Weight. 


4. Averdnpors Meight. 


When Averdupois Meighit became firſt in Uſe, or by what Lane 
it was firſt ſettled, I cannot find out in the Statute Books ; but on 
the contrary, I find that there ſhould be but one Teig (and 
one Meaſurc)uicd throughout this Realm, vis. that of Tay, ( Vide 
14. £4. z. and 17. Ed. z.) So that it ſeems (to me) to be firſt 
introduced by Chance, and ſettled by Crſtom, viz. from giving 
good or Large Weight to thoſe Commodities as are uſually weigh'd 
by it, which are ſuch as are cither very Corſe and Defy, or 

very 
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Veel, Indi, Lead, &c. Alto Firſo, $2 11tte Fs Ciieeſe, Alt, NC, 10 


- 


— . x | Fg i» Cl a rm „ PSTE: s . 
a very nice Experiment, that one 022mg Avery ors is Equal to 


Dams. + 
10 


1 14 = Sons. 
A 1 it Aut And K of C. 
286 = 17922 II2=1 Ceed. =} $6==; of C. 
(57 5449=35540==224C=20==1 Tn. f. 841 of C. 


75 % 
5. Long Meaſiire. 


As the T.caſt part of Neigbit came at firit from a Neat Cor; 5 | 
ſo (it's gencrally {aid) the Leaſt part ot J. AtCaſtre was at 
\ Firlt a Barly Corn, taken out of the middic of the Ear, and 
being well dried 'Thrce of them in length were to male cne 


Iich; and thence tho reſt, as in this Table. 


a Nail; of a Tard. 
A Barly Corny An IT 2ard—1 Vll. 
| ax In. Inches 2 TI Farban, 
36 12=1 CL. Feet 


T? !!: —ͤ ——— 


BAR 
594 198 15. — 51 1 L. Poles 


—— 8 — 
— — * * 7 
2 
— 


— A — 
l9coSo=63350=52%0=1762=2 


Length, and Four 


&y 


Note, That Forty Peles (or Perches) in 
in Breadth do make a Statute Acre of Land. 

That is, 220 Taras, Alultipplica into 22 Tard Square 
Tards are a Statute Acye. 

And according to the Tranſactions of the French Academy, 
Auno 1687, a Paris Foot Royal is = 125 {aches Eugliſo; Six 
of thoſe Feet make a Tie; and 57060 Tciſe=35 5184 £:rrg/ifh 
Feet, are the Meaſiire of one Degree ct a great Circle upon the 
Surface ot the Earth. So that one Degree is 69 Mies and 288 
Zards, which is very near to our Country-man Mr. Morzrood's 
Experiment made betwixt Lcudon and Tor, Ano 1635; who 
found that 567196 Fezrzs9 Miles, and 958 Jards do make a 

F Degree. 


% . 1 — — 


34 Arithmetich. Part I. 


f 2 = — — 
n 
6 —— nt. A kr, . . 
— — — 


15 

$3 
7 
14 


Pegree; And not g Miles, according to th2 common received 
Opinion and Practice of the Navig2ters or Samen. 

Hence, according to the JVench Account, the Circumference 
of the Earth (ſuppoſing it to be a true Spherical Figure) is 
24899 Engl AHES. 


6. Of Liquid Aleaſurces. 


All Afeaſures of Capacity, both Liquid and Dry, were at firſt 
made from {roy Icio. Vide Statiites 9. MH. 3. 51. H. 3. 12. H. 7. 
&c. wherein ic is Enacted, that Eight Poe 724 Trop Migbt of 
Blot, gathered out of the middle of the Lar, and well Dried, 
ſhould make one Ggiloi of Il iue Ai : An that there hould 
be bur one Aeaſrrre for Il , Ale and , throughout this 
Realm (Vide Stat. 14. EA. 3. 1 5. Nic. 2.) it Lime and Cuſtom 
hath alter'd Meaſures, as they have dene 73 , (and perhaps 
tor une and the ſame Reafon) for now we have Lhice Ditterent 
Atenre, viz. one for Tine, one for Ale or Beer, and one tor Corr. 

I have inſerted alles of each as they are now computed by 
Ci liches, and practiſed in the Art of Gi, &c. 

Ia comme: Mine Gellon ſealed at Guild. Ilall in London; by 
which all Ines, Brandies, Mirits, Strong-<aters, Mead, Perry, 
Ader, Vinegar, Oy and Honey, &c. are Meaſurcd and Sold; is 
ſpp3{cd to contain 231 Cubic Inches, and from thence the reſt 
are compured, as in this Table. 

Gallons. 


Cu Inches 11 81 Runlet, and 
2311 G-Gallons Note, 4,51: makes a Vine or 
; 9702: 42=1 Tere ( Vincear Barred. 
I4553= 63=T!=1 Rad (Vide 1. R. z.) 
19404 84 2 —1 21 I'uncton 
291C6=I 20=3 -=3 20; 6 Prat or Pig 
Fel 252 S T1. 


— — 
— 


But Doctor Nera in his Tectometry, Tage 289, duth ſuppoſe 
the Nine Gallen to contain but 224, or 225 Cubick Inches at 
the moſt, and purſuant to this account an Experiment was made 
by Mr. Richard [Walker and Mr. Philip Shales, two General 
Qttcers in the Exciſe. They cauſed a Veſſel to be very exactly 
made of Braſs, in form of a Parallelopipedon, cach fide of its 
Bale was 4 Inches, and its depth 14 ſnches ; ſo that its juſt content 
was 224 Cubick ſnches. This Veſſel was produced at Guidd- 
Hall in Londen (May 25th, 1688) before the Lord-Mayor, the 
Crermiſſeners of Exciſe, the Reverend Mr. Haimſtcad Aſtr. 1 


— — 
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Mr. Ilalloy, and ſeveral other Ingenious Gentlemen, in whoſe 
preſcnce Mr. Sales did exactly fill the foreſaid Brazen Veſſel 
with clear Water, ard very carefully emptied it into the old 
Standard T7 no Colon kept in CililaAHlall, which did fo exact! 
fil it, that ail then preſent were fully ſatisfied the Vue Gallon 
dot contain bot 224 C26: ches. (This notabls Experiment 
Jar ) Rowever, for feveral Reaſons, it was at that time 
thong onwenicht to continue the former ſuppoſed content of 
241 6,8 725 to be the h CHalion, and that all Computa- 
tions i 7-54 hould be made from thence, as above. 

The #7 or 7 ron (which are both one) is much larger 
than the Hue Huli, it being {as I preſume) made at firit to 
corret ont wii ee TL -ight, as the ine Gallon did with 
Trey Hb.: For (as I ſaid before Page 33) one Pornd 
Avera pris is Equal to 14 Ones 12 Penny Weight Troy, very 
near. 

And, as one Pomm Troy is in proportion to the Cubic Inches 
in a Wine Gallon, To is one Pornd Averdupois to the Cubic 
Inches in an e Gallon. That is, 12: 231: : 1442: 251+, very 
near the Crb:ck Inches contained in an Ale-Gallom, as appears 
from an Experiment made by one Nicholas Gumton, General 
Eauger in the Excite, about 41 Years ago, who by ſuch a Veſſel 
mentioned before in the laſt Page, did find the Standard Mie. 
Onart (kept in the Exchequer, Vid. 12. Car. 2.) to contain juſt 
70, Cubic Inches, conſequently the Mie-Gallon mult contain 282 
Cubic Iuches, and from thence the following Z ables are computed. 


75 Ae-Maſure. 
| Cubick Inches 

282=1 Gallen A Ferkin of Soap aud of 
2256= 8:1 Ferkin Note, $ Herrings are the ſaine 
4512=I6=2=1 lderkin wth that of Ale. 
9024=32=4=2=1 Barrel 


=32=4=2= 
| 3536==48=6=3=1*—1 Hegſbead. 


Beer-Meaſure, 

E | Cub.Inches 

al . 28 Gallen 

E 2538= 9=1 Lekin 
5$076=18=2=1 Kilderkin 

LOT 52==302=4=23=kl Barrel 


[1 5225=54=6=3=153=1 Hage. 1 


— 


— 
00 
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N. 7. This Diſtinction or Difference betwixt Ms and Peer- 
Iſcaſtire, is row only uſed in London. But in all other places of 
Euglamd the following Tele of Beer or Ale, whether it be {trons 
or {mall, is to be obſerved, according to a Statute ot Hciſe 
made in the Year 1689. 

C:ib. Inc he 


282==T Gallon 


| Ir Barrel | 
11 2$82=51=6=3=1 — Ilig ſead. 


— wxax22 R 


7. Of Dry Meaſure. 

Dyy Aſeaſure is different both from the enuc and Me Aſeaſure, 

being as it were a mean betwixt both, tho' not exactly ſo; which 
upon Examination I find to be in proportion to the atoreſaid 
old Standard Nine Galton, as Hucfdii ois Might is to Troy 
Weight ; That is, as one Poumd Trey is to one Pound Auerdiupois, 
ſo is the Cubick Inches contained in the old Niue Gallen: To the 
Crick Inches contained in the Dry or Cori Gallo. 
Via. 12 1433 :: 224 2727, which is very near to 2721, 
the common received content of a Ceri Gallen, altho' now it's 
otherwite ſettled by an Act of Parliament made in April 1697, 
the Words ot that Act are theſe: 

Every Reumd Buſhel with a lain and even Bottom, bein 
made Eightecm Inches aud a half wide throvghout, and Eight 


Inches Deep, ſoc tl be eficems a Hegal Wincheſter Buſhel, 


Now a KLeſſel being thus made will contain 2150, 42 Cubick 
Inches, conſequentiy the Corn Gallen doth contain but 26855 
Cgical Juches. 


according to the Standerd in his Majeſty's Exchequer. 


; Cu. Inches 80 A 2 cla Ccuob. 
268,81 82 Note, ) 10 Prarteri=a Icy, an 
537.6 2=1 Fe I2 Hi e©35=a Laſt of Corn. 


| 21 50,4= 8. 421 Due ſock 


1 obſery'd amongſt the Lead-Mines in Derbyſpire, (Anno 
1592) that the Aſiners bought and fold their Lead Orc, by a 
Mcaſure which they call'd an Ore Diſh : whoſe Dimenſions J 
carefully took and found them = | 
ER Length 21.3 

Thus & Breadth 6. Tuches 
i Depth - bs 5 | 


Conſe, 


"gn 
= 
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08 nſoquont!y it Content is 1872,52 Cubic tc! £7, Which is 
very near 1:9; nal to 4 Cort Hallen, accordiis to the above- 
mentioned ©. re ment. 

Nine of th oo Diſhes they call a Load of Ove, which if it be 
Prett) 800d, V. III produce about 2 Hun red \ Wei; 2h 8 ot Lea d. 


ee 
8. O, Time. 


. ö 


UE - x BY.- 'T » 7 p 6 bog 4 * Ws ' 
141 is not an eaſie thing to Five a Trus De teiteon of Tims; lor 
* Pj x 75 67 , T 


? Time cf i! oy 7s DOT PITS his from T howebt 
v0 eg ats 4 Rik, by Inenrirns Fancy err orght 
* From this gs conſire; 1K 7 We think on forme 
| 3 irvſenr ſerice as aft, or yct to come. 
: No This oh » can 2 ink IN "G12 Time. that's Pill confeſt, 
| Hut thinks on Things in motion or at reſt. 
| And ſo On, Vide Licy es, Peck I. 
That is, Z“ he only ſhows the Diirat ion or Mutation of things, 
a Year being the Standard or Integer, by which ſuch Continuance 
Sh cr Change is computed. And a Te ar is that Space of Time in 
: which the $7272 ( Apparently) compleats its Revs/ztion from any 
» | one Pol ut in the Eeliptick (an imaginary Circle in 755 Heavens } 
| to the ſame P0272? again, which according to Modern Obſervations 
5 is perform'd in 365 D ays, 5 Hours, 48 Aſimutes, 57 Second, 
4 21 Third, &. But a Seccmd being the leaſt part of Tl that 
2 can be truly Aeaſircd by the Motion of any Mechanical Ruain, 
: as a Cock, &c. (a Third being leſs than the Iwinkli! 9 ot an 
8 Eye) I begin the following Table with Seconds. 
3 ; 
Seconds, 
| ? Cool * Minute 
d 36 %K GOT © How 
b 85400= 1449= 24=1 Day 
”o—— [31559937==525949==5765=3 ee =1 Tear, call d a 
| | (Solar Mar. 
0 
2 But the common Yar, uſually call'd the Yi D, doth 
1 conſiſt of 365 Days and 6 Hours, and is Divide! | Ron twelve 
unequal. Months, called Calendar Mouths, whoi: Names and 
Neiaber of Days are the Subject of every Almanack, 
p To 
* 
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þ To theſe Zables it may not be amiſs to give a brief Account 
1 of ſuch Coins, Weights and Aleaſures as are frequently mention'd 
| in the Scriptures. As I have Deduc'd them from thoſe which 
5 orrect, inſerted in the Hdex to the Large 
[ em to be the molt Correct, inſerted in the dex to the Large 
Bible, Printed Auno 1702, and compared with thoſe uſed in 
England, by the Lord Biſhop of Pererberorgh. 


| . * FO ö Ji ht 
Loom Ti/ciobts, compared with 7 Troy 8 
The Hebrem Heighis, P Oz. Pw. Grain; 


AGerch=| o. o. 1022 
10 Gerahs=a Bekah=| ©. 4. 13% 
Ti 2 Bekahs=a Shehel— WOW 

1 | 100 Shekel5=a Menab=l45 . 12 . 12 
Note, A Shekel is ſaid to be their Original eight. 


4 8 Enpliſh Coin. 
0 Their Coin. 7 8 i 4 


A Silver Menah= | 7. I. 54 Weight 5o Shekel, 
Talent of Silver 357 - I1 . 10: Weight is 409 Shchels. 
1 Talent of Gold = | 5075. 15 « 7 The fame Weight men- 
14 The Gold Dram={ 1. 0. 4 tioned in E. 2. 19. 


The Roman Money mentioned in the Neo Teſtament. 
A Denarins, or Silver Penny Y d. 3 Farchings. 


| | Aſſes ot Copper So. 3 Farthings. 

Ft Aſarimmo . I; Farthing. 
1 . Diadrans o. 4 of a Farthing. 
A Mitezd . 4 of a Farthing. 


4 > 3 Englijh Aſca ſure. 
i} Their Zong Alcaſures, e * L Yar. Feet * 
ö | A Finger's Bread! h= o. 0. 0,912 
| | 4 Tinger . Hand's Breadth= „ O 37648 
KL 2 Hanas=the leaſt Fan 0 as 
| s Haid's Breadth=the longeſt Fan S. 8 „ 10 
| 2 Spans=the longeſt Cubit= o. 1. 9,888 
; 4 Cubits=2z Fathom= 5 
1 6 Cubits= EzeRtet's Reed 1 1 11,329 
[ | 400 Cubit g Stadium 243. 0. 7,2 
1 10 Hadi ums a Mile | 2432. 0. © 
| 3 Miles Paraſans=| 7296. 0. © 
Which is 4 Eng/1fp Aſiles and | 256. 


* 
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- — 
et ns. en 


SO Hep UL R? wn 


Chap. 3. Addition of weights, &c. 39 
5 IH 25 b Engliſh Mine. 
Their Acai cs of Capacity, compared with Sa Pints Inch. 
A Cotyla = | O: .. Ox. . 3:03 
Aeg = [o. or 9,83 
4 Lega Cal = | ©. 3 . 10,458 
10 Cotila's= an Omer | 0.6. 1,5 
3 Cabs=2 Hin = oY Oo 2,5 
2 Hins=a N = 2 4 J. 
3 Seahs=an Hfha = 7 4. 15, 
10 Aba a Chumer = | 75 . 5. $5,625 


SECT. :. $ddition of eight, &c. 


The foregoing Tables being fo well underſtood, as that you 
can readily tell (without pauſing) how many U777s of any one 
Denomination, do make one of the next Sperior Denomination 
(eſpecrally in thoſe Tables as are moſt uſpfr'l for your Buſineſs) 
it will then be as eaſie to Aud, or Srbſtratt them, as to Had, or 
Srbſiratt vole Noir, due care being taken in placing al! 
Numbers that arc of one Denommation exactly underneath each 
other. That is to ſay, in Money place Pounds under Ponds, 


Shiltings under S$h1illimgs, Pence under Perce, &c. Underſtand 


the like in Weights and Meaſures, &c. According to their ſeveral 
Denemmations : Then in Addition obſerve this Rule. 
Rule. 

Always begin «with thoſe Figures of the Lorveſt or Lenſe 
Denomination, and Add them aitegethber into owe Sum, then 
conſider how many of the next Superior Nenomination are 
contained in that Sum, fo inany Units yor ej. ca- 16 the (ax 
ext Superior Denomination 70 b2 Added rege vj“ rhofe 
Figures hat ſtand there; and if anything Remain over or 
above thoſe Units ſo carried, that Overplus z21f? bo fer down 
underneath its oxn Denomination : And jo froceed on from one 
Denomination t another until all be jiniſiea. 


Example in Coin. 

Let it be required to Add 357. 145. odd. and 277. 025, 
10 f. and 54/7. 135. C4 4. and 10/7. 175. 094. into one S772. 

Theſe particular $775 being placed, as before directed, will 
{land as in the Margin following. 

Then according to the Rule, I begin with the Perce (being 
here the I owelt or leaſt Denoimiuaticm) and Adding them 
a'together, I find their Sum to be 294. that is 25. and Shar” - 

Or 


_ 
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(tor 242 8. and 2 29—24 23 the 54. I ſet J. 
down bnderneath its on Denuminatio 7 and 1 
carry the 2 g. to the place of. Hu, 11g 7 


a % 


04 


them ard all the Millias together, | find 5 
I 09 


the Sn to be 48 5. vis. 24.85 ] fe down 


3 


tune 55 - nnderncath its own place oi in — 
and carry the 2 J. to the PI ice of Port = 128 68 05 
Hui them and all the Pounds together, I find their Sun is 
125 J. conſequently e 2 or Sun W red is 1284. 08 if u 
Now, for as much as it often happens in keeping Looks of 
feoonmpts, (and in other Bufines) tt. 2t it is 1e quired to Ala up 
Large Suns of Money, conſiſting of 40, 40, or more feveral 
particular Sm, Ty 165 rhaps filling up the whole lerath of a 
Sdeet of Paper, i lan mbly opticalyn in thoſ: Caſcs the bet and 
:foit way will be to part them into Uatitis, not cxcceding 
above 10 or 12 particular Se in cach Parcel; that Jene, Add 
together all the S . 2 Parcels into 012 Sie, and that 
will bet! ! AC Tots S: 1 
Alſo to avoid the = irs aof Poirits, or other Alarhs amongſt 


{UT 


2 A 4 


5 
3 
> 
Qw 
* 
ey 
GL 


Your 2 0 2 2. cd, 1t well wo C1 Iv £n1Cnt 10 85 wp * the follow! 


by heart. 
5 . c 1 5 
Tig Pance Table. | Tre Shillings Table. 
— — — _ — — —— I — —U — — — 
4 1 7 
&. . 63 Y, ds * » j * 
1 —— — — — — 
118 72281. | 1 206, 
— ACRES. 4A 2 1488 
2 os & —— ; K > ＋ Pg” 
20 3 96.2.8. | ESD ho 1608. 
CY f Cd 9 CO „ 3 
28. 1089. | So A. 180 D. 
60:25: 1202210. fd. 200 o. 


-» — of » » . . : . 
The Uſe cf thefe Ti6rs is fo obvious, that I preſume "cis 


necdlcls to ep! 
1 1 * 1 
Zi 146 03 {78 TA GAUIONn cf Veights. 


Tron BVeichr. Averd:4cis Weight. 
TH. Os. P<e. Gr. Tun. C. . Ib Os. 
. 2 L:- 15 . 3 -- 3&4 © 38 
31 1 
„ 
11 


0 
t 

** 

2 — 

hw 

O 

* 
bt 22 


* 
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\S 
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Examples in Additiomof Long-Alea ſure. 
Yards Drs. Nails MAliles Him. Poles Yards Feet Lich. 


. %%% | OR. SE. 
. EEC ... 8 
„ c 7 Os | 222 2 )* 
JJJJ%%%%%%C%/%% ß! £0 


I think it needleſs to ſet down more Examples of this kind, 
for if theſe 5 (eſpecially the laſt) be well underitocd, they will 


be ſufficient to ſhew how any other may be performed. 


Sect. 3. Subſfragion of Weights, Ec. 


Subſtraction is but the Converſe of the precedent Work, and 

may be performed by obſerving this Rule. 
Kule. 

Begin withthe Loweſt er Leaſt Denomination (as Leſere in 
Addition) and Take oV Subſtract rhe Figure (or Figures) in that 
flace of the Subtrahend, /e the Figure (or Figures) that 
ſtand over them of the ſazz? Denomination ; #111119 down ths 

Remainder (as in Page 12.) But if that cannot be done, then 

30 miſt increaſe the upper Figure (on Figures) with ore of the 

mex Suferior Denomination, aud fromm that Sum make 
Subſtraction; and ſo froceed to 1Þe next Stfcricr Nenomination, 
eeſere yo muſt pay the one borrowed; by adding Unity to ths 
Subtrahend 772 hat place, &c. ds in Wwiole Numbers, 


Example iu Coin. 
1 . 
From 386 . 09 . 8 From 569. 10. 05 
Take 173. 04. £6 _ "Subſt. 389. 15 08 
; . — — 
Remains 213. 05. 02 179 „ 14. 10 


The Firſt of theſe Examples is ſolſevident. In the Second 
Zrample, beginning at the place of Pence (being here the Lea{t 
Denomination) J am to take 8 4. from C d. but becauſe that 
cannot be done, I muit (according to the Re) borrow one of 
the next Denomination, Viz. 15. and Add it to the 6 d. which 
makes it 18. (for 15.=12 4. and 124.-+6 d. =S d.) then I 
take 8 4. from that 18 4. and there Remains 104. to be ſet 
down underneath the place of Pence ; that done, I procced ro 
the place of Shil/ings, where I mult now pay the 15. ſaving 

one borrowed, and 15 makes 16 from 10 cannot be, bat 
| 19 


> * _ 
| | * = K — 8 


— — 
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42 Arithmetick. | Part I. 
16 from zo and there Remains 14. That is, I borrow one of the 
next Denomination, viz. 17. and Add to it the 105. which 
makes it 30 f. (for 1 J. OS. and 20F10=30) having ſet down 
the Remaining 145. underneath its own place of Hillings, I 

ocecd to the place of Pounds, where paying the 17. borrowed, 
it will be 1 berrowed and 9 is 10 from 9 cannot be, but 10 from 
19 and there Remains 9, and ſo on as in whole Nzbers until all 
be finiſhed ; And the Remainder will be 179 l. 145. 10 d. 

This Example being a little confidercd will render all others 


in this Rule caſte. 


Examples iu Weights. 


Troy Weight Averdu pois Weight 
0. Pf. g. c. . Ib 0%. 
Prem 9. 10. 16 . 18 171 2 110 
Tale 3 o 18 14 318 12 
4. 0 / 20 Ref 2 + 2» 24 14 
Examples in Long Neaſiire. 
yards qrs. nails miles fur. fol. yas. feet inches 
Fron 78. 3.2 633 
1 4 „4 
— — 6 ——— — — 
KNeſts 43.3 3 3 4 36 4- © 10 
Example in T inn, 
days, © , "0 
From 9-435 04-48 
Snbſtraf 16 . 21 . 46 . 36 


— — 


Remains 10. 20. 48 . 45 


The Proof of Audition and Sulſiractijou in theſe Numbers of | 
different Deucminations, is the very ſame with that of whole 
Numbers in Page 13. I ſhall therefore refer you to that place, 
and omit repeating it here. 


— _— 


Fropoſed; into any Inferior or 


Sect 4. Of Reduaion. | | 
By Reductien, Numbers of different Denomi nations are 


brought into one Denomination. 
That 1s, it alters or 9 any Superior Denomination 


r Denomination Requires ; 
{{1 


— 
© 


— — —— — — — 


Chap. 3. Of Reduction, 43 


{till keeping them Equivalent in value. And by that means they 
become fitly prepared for Multiplication and Diviſion; which 
othe rwe could not ſo conveniently be performed. Therefore the 
Bufireſs v. Reduttion is very uſeful in the Rule of Proportion, 
(co mon'y called the Ge/den Rule, or Rule of Three) eſpecially 
to thoſe who do not underſtand either Yu/gar or Decimal 
Fran: And it's thus performed: 
Rule. | ; 

Confider how many Units of . Denomination Required, 
wake one of h Nenomination Propoſed to be Reduced (which 
z5 eaſily knot i by ats reſyeftive T and with that Number 
of Units, Multiply ze Denomination propojed, and their Product 
011] be the Number Required. 


Emxamyle in Coin. 


Let it be Required to Reduce or Change 357 f. into HHilliugs, 
and thoſe Villings into Pence, which ſhall ſtill be Equal in 
value with the 357 J. | 


A 


; 357 8 
Malti ply with 20 the Shillings in one Pound 


ES 7140=the Sh:llings in 357 4. 
HIultiply with 12 the Pence in one Shilling 


1428 
714 
8 568 = the Pence in 357 J. as was Required, 


2 557 J. may be reduced into Pence, at one Operation: 
us, | 
514 


Alultifiy with : 40 the Pence contained in one Pour 


1428 
714 


—ů ˙**T..—ů — 


Sp Soc the Pence in 357 J. as before. 


But when the Neunbers propoſed to be Reduc'd are of ſeveral 
Denominations, and it is required to bring them all to the Loweſt; 
you muſt Reduce the higheſt or greateſt Denomination to the 
next leſs, Adding the Nzmbers that are of that leſs Denomination 
together, then Reduce their Sum to the next lower Denomination, 


Adding together all the Numbers that are of that Denomination, 


and ſo proceed gradually on until all is done. 


G 3 11 


pg 


— 29 — 
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Example. 
Let it be required to Reduce 375 L 175. 104. 3 4. into one 


Denomination, viz. into Tarthings. 


3751. 175. 104. 3 4. 
20 


i 1 75-0=the Shillingsin 375 l. 
175. 
it | 751% the Sims in 375 J. 17 % 
TIE 12 
| 


3  - — 


| 15034 
1 7517 


g902<4=the Pence in 375 l. 176. 


104. 


g99214=the Pence in 375 l. 175 s. 10 4. 
4 | 
, | 3608 5 the Farthings in 3757. 175. 10 f. 
+34 


68859 Farthings=375 l. 175. 10 d. 3 J. as was required. 


- ” — 
— - _ 

- — - 

— — — - 4 
—— — — — — —-— 


The Work of this Example, and all other Operations of this 
kind, may be ſomewhat ſhortned by obſcrving the following 
VIethod. 

% | 375 J. 175. 10 d. 34. 
16 20 Multiply and Add in the 175. 1 


Y — — — cc — 
— —— — 
* -- © - _ 
> Fa — - 
= ” the - 
PR 1 — — „ - % 
-—————__ __—_—- 


Multiply and Add in the 10 . 


— 
O 
5 
— 

+a 


N 5 | 4 AMumullifly and Add in the 3 47s, 3 
4 | 360859 the Farthings as before. | | 
1 Example in Troy Weight. 


'F Suppoſe it be Required to Reduce 29 IÞ 802. 18 put. 
alt. 217. into the Leaſt Denomination, viz into Grains, = 

1 b T | . 
2 


E 


- KAY ; 


Chap. 3. Of Reduction. 45 


Thus, 29 lb 8 cr. 18 fert. 21 or. 
Aultißiy with 12 the Cr. in 1 h and Aa in the 802. 
— 


TY — 


66 
29 
256—=the Ounces in 29 J 8 02. 


 Alultifly with 20 the peers. in 1 02. and Aud in the 18 prrt. 


5138=the pets. in 29 1b $02. 18 pre. 
Aultifply with 24 the Gratis in 1 Het. and Add in the 21 gr, 


28553 
14270 


A——_— — 


171333 the Crains=2916 8 oz. 18 per. 21 gr. 


Theſe Two Examples at Large being well underſtood, may 
ſu ce to ſhew how all Operations of this kind are performed 
either in Nei, Meaſires, or Tie. I ſſtall only inſert a few 
Examples of each fort tor the Learner's practice. 

1. In 23 C. 34rs. 21h 962. Averdnpois Height; How 
many Ounces. Anſwer 42905 Ounces. 

2. In 2 5 Engiþþ Miles, How many Taras, Feet and Taches. 


 Anfever 443520 Tarn l; 30 56 Feet 5966720 Taches. 


z. In 1692 common Years, How many Days, Horwrs, and 
Aſinutes. Anſwer 618003 Days, 14832072 Hornrs, 889924 32 
Miites. N | 

Note, a common YTear=365 Days, 6 Iſouns, fee Page 3). 

4. In 5786 Pormas, 17 Shillings, 9 Pence Sterling: How 
many SHillings, Pence and Farthings. 

Auſrer, 115737 $. 13888 53 d. or 5555412 Furtbings. 
That is, 5786 J. 175. 94.=115737 f. 9 4.13888 53 f. &c. 

The next thing will be to ſhew how to bring Numbers from 
a lefler to a greater Denominaticu, which by molt Authors is 
called (tho' very improperly) 


| Redudion Acending. 
This Work is the Converſe of the laſt, and is performed by 


Diviſion, Thus, | 


Rule. 

Conſider how many of the Denomination Zrofoſed make one 
of the Denomination required, aud make that Number your 
Diviſor, by <ehich Divide the Denomination Profoſed ; and the 
Quotient .207/} be the Number required. h 

„ ; | ; Example 


* 
u 
 *'; 
18 
1 
1 7 
+7 
? 
ä 
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Example. 


Let it be required to find how many Shillings and Pounds are 
contained in 85680 Pence. | 

The Pence in 16. are 12) 85680 (7140 . 85680 7. 

Again the Shillings in 14. are 20) 7140 (357 J. the Auſwer 
required. | ; 

Another Example in Coin. 

How many Perce, Shi/lings and Poumds, are contained in 

264859 Forthings. | 


12) 20) 
4) 264859 (66214 4. (55175. (275 J. 
2 62 151 
08 2 117 
n. 
19 (10) 4. 


Remains (3) J. $ Note, the Remainder is always of the 
ſame Denomination with the Dividend. 
The laſt Oe nt 2751. together with the ſeveral Remainders, 
gives the Anſwer required. 
Viz. 275 J. 175. 10 d. 3 J. 2648 59 Farthings 


Example in Troy Weight. 


Suppoſe it were required to find how many cis. 025. and tits 
are contained in 171333 Gras. 


20) 5 
24) 171333 g. (7138 Pre. (356 (2916 
168 — 113 24 
—— — 1 — — ous 
33 138 116 
8 3 (18) prey. w_ 
93 (8) 0. 
72 
213 
192 


Remains (21) gr. 
Anſfever 29 i 8 02. 18 #07. 21 gr. This and the laſt Example 
arc the reverſe or proot of thoſe in Page 43, 45. 
1. In 42905 Ounces Averaupers Weight ; How many Pousmds, 
c. Thus 


- 
74 
: 

** 
7 
| 
{4 

by 

0 


— _— 
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* 


28) 4) 
Thus 16) 42905 (2681 lb (95 qrs. (23 C. 
109 252 15 
150 161 (3) 


25 — — 


(9) (a1) Anſirer 23 C. 3 q. 21 lb 9 os, 


2. In 15966720 Inches; How many Eyugliſo Miles, &c. 

Anſarer 252 Miles, &c. As Occaſion requires. 

There are many uſeful Qneſtious may be anſwered by help of 
Reduction only: As the Changing of one fort of Coin for another 

8 and comparing of one ſort of Meaſure with another, c. 

For Inſtance; Suppoſe one had 347 Rix-Dollars, at 45. 6d. per 
Dollar: and defired to know how many Pounds Sterling they 
make, 


547 | 
54=the Pence in one Dollar, viz. 4 f. 64. 5A d. 


(6)4. 
Anſwer 78 J. 15. 6 d. Sterling are=347 Rix-Dollars. 
Queſt. 2. In 645 Flemiſh Ells ; How many Lis Ergliſh. 
2 Note, 3 Quarters of a Tard Engliſh make one Ell Flemish, 
and l, or 5 Quarters of a Yard is an Engliſh Ell. 
2 Therefore, 645 
z the 77s. of a Tard in 1 El Flemiſy. 


\ grs.in 1 HA 5) 1935 (28) Engliſh Ells for the Anſaver. 
Queſt. 3. Suppoſe a Bill of Exchange were accepted at Teudom, 
for the payment of 400 J. Sterling, for the value deliver'd at 
Amſterdam in Flemiſh Money at 1 J. 13 5. 64. for one Pound 
Sterling. How much F!czziſh Money was delivered at Amſterdam. 
Firſt, 11. 155. 64.=402 d. the Value of one Pound Sterling 


mmm 
4 2 i = 
> , 
* . . 33 8 1 — 5 
* by a 1 : — 4 i * E 4 2 


2 3 at Aniſterdam. 
4 Then, 402 4.X400=16080 d. . Flemiſh, and fo much 
„ vas deliver'd at Aunſterdam. 


IT a 'S H A. p. 
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H A P. IV. 
Of Uulgar Frations. 
Sea. 1. Of Notation. 


| A T'-offion, or Broker Number, is that which repreſents a 
Par: or Parts of any thing propoied (vide Page 3) and 
is expreſſed by 'T'wo N νẽỹ placed one above the other with a 
Line drawn betwixt them: 
Thus {I Naumerctcr. 
| i 4 Dencminator. 

The Deuominator or Nuizber placed underncath the Tie, 
denotes how many Equal Parts the thing is ſuppoſed to be 
Diruded into (being only the Divifer in Diviſion.) And tho 
Numerator or Niucben placed above the Line, ſhews how man 
of thoſe Parts are contained in the Frattion (it being the 
Roinainder after Diviſion.) (Sce Page 29.) And theſe admit of 
three Diſtinctions: 


6 Compornnd 


A proper, pure, or Sin fe TroEion, is that which is Lefs than 
an Lit. That is, it repreſenis the immediate Part or Parts 
af any thing leſs than the whole, and therefore its Numerator 
is always Leſs than the Denoiinate x. 


— T4 is one Fourth Part. And 3 is one Hal. 
: is one Third Part. 2 *is Tuo Th ras, &c. 


An Improper Fraction is that which is greater than an Unit ; 
That is, it repreſents ſome Nzvber of Parts greater than the 
whole thing; And its Numeratcr is always greater than the 
Denommatcr. 

As + Or 2 Or 5; &c. 

A Compound Fraclien is a Part of a Part, conſiſting of 
ſeverhl Nur tens and Denominators connected together with 
the word [ of ]. 

As of 3 of 3, &c. and are thus read, The one Third of 
the Three Touris of the T'wo Fifrhs of an Unit. 

That is, when a Unit (or whole thing) is firit Divided into 
any Number of Zqual Parts, and 7 of thoſe Parts are 

| Subdtvides 
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nl divide into other Parts, and ſo on: Then thoſe laſt Parts 
ure called Comporind Fracticus, or Factions of Factions. 

As for inſtance, ſuppole a Porrd Sterling (or 205.) be the 
Unit or Whole ; then is 8 5. the ; of it, and 5s. the 3; of thoſe 
tup Fiſths, and 2 5. is the + of thoſe three Fourths. Viz. 25. 
= of z of + of one Poumd Sterling. 

All Compouud Fracticts are reduged to ſingle ones, Thus, 

| Ruls. | 

Multiply all the Numerators into aue another fer a Numerator, 

and all the Denominatcrs int 0929 another for the Denominator, 


Thus the = of 4 of + will become . Or =. 


For 1X3X2=6 the Nuizerator, and 2X4X5:==60 the Deucmni na- 
tor, but 35 or ++ of a Pound Sterling is 25. As above. 


— 


— 


Sect 2. To Alter or Change different Fragfons into one 
Denominat iou retaining the fame Value. 


In order to gain a clear Underſtanding of this Section, it will 
be convenient to premiſe: this Propcſition, vis. If a Number 
Alvitiflying Two Numters produce other Nrmbers, the Nembers 
Produced of them ſhall be in the ſame Proportion that the 
Ninabers Muti plied ave, 1) Evclid 7. 

That is to ſay, If both the Numerator and D-nominator of 
any Traction be Equi lly Auiriplied into any Nifmder, their 
Fredudts will retain the fame value with that Fraction. 


As in theſe, -=. Or J. = Or =, Cc. 
That is, ; and g. Or 5 and 3. Or 5 and 4? are of the ſame 
value in reſpect to the whole or Ur. 


From hence it will be eaſie to conceive how Two, or more 
Tractious that are of Different Denommations, niay be alter'd 
or Chang'd into others that ſhall have one common Denoimiuator, 
and {till retain the ſame value. 

Example. Let it be required to change ; and ; into Two 
other Fractions that ſhall have one eomznon Denomsinator, and 
yet Retain the {ame value. | | 

According to the foregoing Propoſition, if f be Equally 
Alultiplicd with 5, it will become 4% viz. r. Again, it 3 be 
Equally fultiplied with 3, it will becorac {+ vis. 3X} Ar. And 
by this means I have obtained Two new Fractious F+ and r that 


are of one Denomination, and the ſame value with the Two firſt 


propoſed, vis. Tir and fr] 


And 


* 


* 1 
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And from hence doth ariſe the General Rulc for bringing all 


Tracficus into one Denomination, 
Rule. | 
Aultifly all the Nenominators 71:70 each other for a New 
(and Common) Denomina tor. Ang each Numerator 7720 all the 
Dcnominators Hut its ori, fir New Numerators. 
Example. Let the propoſed Froftions be, . 3. 4 and 5. 
Then by the Re. 


A ncw Denominator _ And the new Numerators will be 

will be thus found. thus found. 5 
3 1. 2. 3. 6 : 

5 5 3 3 3 

15 1 1 

+ 4 + 3 3 

69 20 24 45 YO 

7 7 7 7 + 


425 140-169. $15. $60 
Hence 420 is the common Denominater ; And 140. 168. 
315 . 360 are the new Nemerarors, which being placed 
FrafQtion-wiſe cre 228 . 553 . 345. , 3582 the New Fractious 


S$2S © STS 


required, 
. 14 1 '& F FED CT. X 
That IS, TEC . FIT—YT . TIE . and TIT o 


— 


Sect. 3. Zo bring mix d Numbers into Fragtons, aud the 
comtrany. 


Mix'd Nz:7bers are brought into improper Fractions by the 
following Ralle. | 
Rule. 2 

Multiply He Integers or <vo/e Numbers, <3 re Denomina- Þ 
tor of the given Fraftion, and to their Product Add rhe 
Numerator, 7/e Sum vill be the Numerator of the Fraftion 


requred. 
&Xxainfle. 95 by the Rule will become *}. For 9x5=9%2: 
And, -N = the improper Fractiou required. 5 


n 1 | 6 5 
Again, 137 will become "7+ For 131 52 N. 


And 1 =. And ſo for any other as occaſion requires. 
To find the True value of any N Fraction given is 
- only the converle of this Ralle. For i +? yt as before is 


* 


evident: 


* 

, * 

TI) 

. : 14 
0 : 


— 1 3 | . 
I. 1 Chap. 4. Of UJulgar Fractions, 51 
all "evident : Then it follows that if 49 be Divided by 5, the 
' Quotient will give 9 f. And it 2:6 be Divided by 15 it will 
give 1377 Ec. conſequently it follows, That 
ſexy Tf is Numerator of any 1frofer Fraction be Divided by its 
the Denominator, e Quotient 22/7 d:ſcover the true Value of that 
- Fraction, 
4 Examples. 
5—5, And 3 4. And Gs. Or '£=34-&c. 
be When whole Numbers are to be expreſs'd Fraction-wiſe, it is 


but giving them an Unz7 for a De*nominator. Thus 45 is . 
9is 2. and 25 i , Ge. | 


— — 
_ 
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Scct. 4. To Shb2eviate cr Reduce Fragions into their 
Loweſt or Leaſt Denomination. 


his is done, not out of any neceſſity, but for the more con- 
venient managing of ſuch Traf'ons as are either propoſed in 
Large Terms ; or ſwell into ſuch, either by Hadition or otherwiſe * 
8. Heſides it's moſt like an Artiſt to expreſs or ſet down all Factions 
ced in the Lowell Terms poſſible ; And to-perform that, it will be 
0113 8 neceſſary to conſider ot theſe following Propoſitions. | 


" | 
3 Numbers are either Pꝛime or C ompoled. 


1. A Peime Number is that which can only be Meaſured by 
an Unit. Euclid 7. Def. 11. 
That is, 3. 5. 7. 11. 13. 17. Sc. are faid to be Prime 
Numbers, becaule 'tis not poſſible to Divide them into Equal 
parts by any other Namber but Unity or 1. 
3 2. Nambers Prime the one to the other, are ſuch as only an 
= Unit doth Meaſure, being their common Meaſure. Euclid 7. 
De,. 12. a 
For inſtance, ) and 13 are Prime Nimbers to each other, 
becauſe they cannot be Divided by any Number but an Unit. 
And 9 and 14 are alſo Prime Numbers to each other, for altho? 
> will Meaſure or Divide 9 without leaving a Remainder, yet 
gz will not Meaſure 14 without leaving a Remainder ; Again, 
altho' 2 will Meaſure 14 without any Remainder, yet 2 will not 
+ Meaſure 9 without leaving a Remainder, &c. | 
3. A Compoſed Number is that which ſome certain Number 
= Meaſureth. Euclid 7. Def. 15. 
For inſtance, 15 is a compoſed Number of 3 and 5, for 
WW 5N3=35, conſequently 3 or 5 wy juſtly Maſure 15, Alto 20 


„ 
* 
- 
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15 compoſed of 5 and 4, viz. 5X4=25, therefore 5 and 4 will 
cach juſtly Aeaſire 20. _ 

4. Nujbers compoſed the one to the other, are they which 
Tome Muzver being a common Alſeaſtire to them both doth 
Meaſure. Frchid . Def. 14. | 

That is, If Two or more Nimbers can be Divided by one 
and the lame Dit ſ r; then arc thoſe 271z7brs ſaid to be 
compoſed one to another. 

For inſtance, 14 and 21 are Numbers compoſed the one to 
the other, becauſc they can both be Meaſured or Divided by v. 
For 7X2=14, and 5X3=21, therefore 7 is a common Afcaſure 
to 14 and 21. So that if 42 were propoſed to be abbreviated, 


It will become 3. | 
7 2002 
Thus 4 575 


And how thoſe greateſt common Nfeaſures may be found, 
comes from Euclid 7. pro. I. 2. 3. and is thus: 


Rule. 


Divide the greater Number ly the leſſer, and that Diviſor by 
the Remainder {if there be any) and ſo on continually unnt 
there be no Remainder left: T hen will that Laſt Diviſor be rhe 
greateſt Conmen Meaſure (aud if it happen to be 1, then ar? 
thoſe Numbers Prime Numbers, and are already in their 
Locreſt Terms, but if otherwiſe) Divide the Numbers by t 
laſt Niviſor, aud their Quotient ii be their Leaſt Leis 
required. | 

Fample. 

Let it be required to find the greateſt common Aſeaſure of 52 

and 108, vis, Of 2 


72) 108 (1 
72 


56) 72 (2 1 Here becauſe therc's no Remainder; 
72 zs is the greateſt common Aſeaſure. 


| (0) 


Therefore, 1260 2 * Hence zz is Abbreviated 


36) 108 to j rhe loweſt Terms. 
Again, to find the greateſt common Aſcaſure of 744 and 899. 


Thus 


s 


s 


th 


Chap. 4 Of Gulgar Fractions, 52 
Thus, 744) 899 (1 


744 
155) 744 (4 
| 625 
124) 155 (1 
124 
31) 124 (4 
124 
(0) 


Here zi is found to be the greateſt common Meaſure by 
which 744 and $99 may be Abbreviated rv 24 and 29 their 


Loweſt 7 Crs. | 
Thus, :) 72 (rg. Cc. ; | 

Note, If the propoſed Numbers be ever, they may be brought 
loxver by a continued Halving of hein, fo long as they can be 
Halved. viz. Divided by 2. 

Example. 

"Tis required to Reduce 34 to its leaſt Terms. 

Firſt, ) . (. Again 3) 5+ (=. 

This done, you may caſily perceive that 7 will be the common 
Meaſure to 14 and 21, v2. ) 5+ (. Ec. 

It the Numbers propoſed to be Reduced have each a Cypher, 
or Cyphers Annexed to them, they will be Abbreviated by 
cutting off a like Naber of Cyphers from both. 

Thus, +> will be +5. And 43+ will be +, Cc. 
That is, 43. =. and 83 . alſo = A= 


— 


Sect. 5. Addition of Fractions. | 

What hath been done by the Rules in this Chapter; is chiefly 

to prepare and fit Fractious of Different Denoninations for 

Addition or Subſiraction, as Occaſion requires, vig. If they are 

Compound Fractious, they muſt be Reduced to Simple or Pure 
Fractions, per Rule, Sel. 1. 


If they are of Different Denominatious, they muſt be altered 


cr Chang'd, per Rule, Set, 2. 


That is, all Fratlicus muſt be brought into one Nenomination 
before they can either be Added, or Subſiracteu, and that being 
done, Audition is thus performed. 

Rule. ; 

Add rogether all the Numerators, and their Sum will be a New 
Numerator, under which Suhſeribe te Common Denominator. 

8 ED Examples 


Arithmetich. Part l. 


Examples in Dunple Fraqions. 
Let it be propoſed t to Add +, + and + together. Firſt, 
TA. 1435 and; er per Se. 1. 

Then zs ETA. the Sum required, which 
according to Section 3. is 12. viz. 218 
Examples in Compound Fractions: 

Let it be rcquired to Add = and + of + into one Sum. 


Firſt > = of 4 becomes 77 or + 2 per Seck. 1. And ( per Set. 2.) 
+ and 4 1877 and A. viz. band 721 2. but 2 = 
the Sum Required, viz. 5+7 of 2 75 
Examples 112 Pix x» "andere: 
Tis required to Add 5; to 73. theſc fer Sc, 3. will 
be ney : pe”: and will become * > and 2+ per Sect. z. 
Then? 6 2 and =I; r. the Sum Required, 


Or you may Rs only is Fraftion to one 8 


Thus, 55 and 7% will become 5 os and 7 2. 
Then 5 >+753=1272. That is, 135%. As before. 


m—_ —— — 
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Sect. 6. Subſtraaion of Fractions. 


Subſtract one Numerator om the other (according 

| Rule & , Rueſtion requires) and their Difference will be a 

new Numerator, under ⁊chich Subſcribe the Common 
Deuominator, as in Addition. 


Example 1. 


Let it be required to rake 2 out of 3. Firſt ; and 3. per 
Feet. 2. will become ++ and . then 22 >» that 


1 3 
is, „-. As was required. 
Example 2. 
is required to Subſtratt + of 4 from . Firſt, + of 


ants per Sect. 1. Again DN and 2 will become 37% 
and 3. per Sect. 2. Then 444 —34=33+ 
E 3. 
From 6+ Sulſtract 3b. Firſt, 64=*43. and 322=1.43 
per Rule Sect. 3. Again, , and = 375+. per 


Rule Set, 2+ Then 47 i zi zA. Or 


1 2 in 177 


otherwiſe 


1 


— —— Cl 
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otherwiſe thus: Firſt, e, then bring + and A into 


one Denomination, Viz. S and 34223. 


Then 543i—3242=2232=235. As before 


Example 4. | 

Let it be required to Subſtraft , of ; of + from 7. 
Firſt, of 5 of 33433. And 7= LA LY 
Then 6242—743=6+-2=L=7—3 of of +, As was 
required. 

If theſe few Examples be well underſtood, the whole Buſineſs 
of Adding, and SubſtFatting Vulgar Fraftions will be eaſie; 
which is really much more difficult to perform than cither 
Multiplicationu or Diviſion, as will appear in the next Scctton. 


——_—_— 


See. 7. Pultiplication of Fragions. 

In order to perform either Afutiplicatiom or Diviſion, you 
mult prepare the Zerms to be Multi plied (or Divided) thus; 
Reduce Compound Fractions to Simple Ones, per Sect i. Bring 
Mixt Numbers into improper Fractions, and expreſs Mole 
Numbers Frafttionwxiſe, per Sect. 3. Alſo it will be convenient 
to Abbreviate them to their ſmalleſt Terms when it can be done. 
Then Multiplicatiom may be thus performed. 

Multiply 7he Numerators oe into another for 4 
Rulc. ) New Numerator ; and the Denominators cue into 
(another, for a New Denominator. As in theſe 
Examples. 

1. The Product of + into =. That is, =. 

2. And the Product of into . Or +5. 

3. Again, the Product of — into + of . Or =. 

For ; of l Then L rx. 

4. Let it be Required to Multiply 6 with 33. Theſe 
prepared for the Work will ſtand thus. . 

vi, 6=7 and 335=4, Then XA = or 205. 

Or, otherwiſe thus, 6x3=18. And . 

Then 18-23=2043, As before. 

5. Let it be Required to Multiply 754 with 53. 
Firſt 722. and 53=t+, Then £7 X17 ＋ O. 

Now the Reaſon of this Rule for Multiplying of Fractions, 
and conſequently of theſe: Operations, and Fi other performed 
by it; will be eyident from this following, 


* 
* 


7. 
4 4 7 
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56 Arithmetic. Part I. 
Pix. It + be Multiplied with q according to the Rule, 
their Product will be #5. But 8. 


* 


Now: =z. and == per Sec. 3. But 4*X2=8. Ergo &c. 


» 


ko. Mi 


a Set. 8. Diviſion of Praqions. 


The Fractions being firit prepared as before directed, Diviſion 
may be thus performed: 

( Multiply e Nemerator of the Dividend into the 

Denominator of , Dividing Fraction for Nero 


ulc. | Ir ky 
f A Fr And xiultiply e che t Numerator 47d 
pl Denominator get jor a New Derominator. 


 FramPples. 

1. Let; ; be Divided by +. V/iz.3.) ( ; the Quotient. 

That is, according to the Re G = the new NMumęrator, 
and 35 K 3 21 5, the new Denoininator, &c. as above. 

2. Let it be rcquir'd to Divide οπονιπι e. = 


» 


For 12X20==240 the new Niimcrater, and 279X5=135 the 
new Denommator, &c. as before. 


3. Suppoſe it were required to Divide ++- by + of 5. 
Firſt, + of {=345 Then (: =. 
4. Let 205 be Divided by 37 viz t by 1. 
For 205==; *, and 35, Then +3)=+*(=6 the Quotient. 
5. Let it be Required to Divide 402 by 54. 
Firſt, 4035=""44, and 53=3. Then ) 7: (2124. 
But *?+3+=75 the true Quotient Required. 
6. Suppoſe it were Required to Divide 13 by J. 
Firſt, 13271. Then 5) 1 (*;=18+, the Quotient. 
7. Again, let it be Required to Divide 5 by 6. 
Viz. 4% ft for the Quotient Required. 


N. B. From hence von may obſerve, that ⁊chen any Whole 
Number 7s Divided by 4 Fraction Leſs than Unity or r, rhe 
Quotient r be Greater than the Number frofos'd to be Divided: 
But if an; Fraction be Divided 5&y Whole Number, greater 
than 1. Then the Quotient «ill be Leſs than the Dividend: 4s 
in the Turo laſt Examples. 


As 


- 
* 
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— ˖ Hh, Mt 


— — — — — wa — — 


Chap. « 5. Ot Decimal Fractions. "I 


As to the Reaſon (or Proef) of this R/? for Di vidi. 
Tractions: Tis only the Converſe to that of 3/1 p/1C2tzen, 451 

my be very evident from this following. 

ct 4% be Divided by 5. Which according to the Raule is 

3 I 4% (J. The true Puctient. Now . And 
z. per Sell. 7 Conſequently + Di vid. 4 by is hut the 
tame with '8 Diailed by 2. vis. of 8 (2. The 25 0:1C1t as 
b. ore. 
could have inf:rted Gecmieſricel Demynſtretions, for the 
Rntes of Mnitiplicaiton and Diviſan of Fraftions 5 but 
ſupp! ofing the Loarner purely unac: quainted with thoſe kind of 
NDemonſtrations, | thought theſe might be more intelligible to 
nim, eſpecially in this place. 


525 


7 
7 £4 
* © Xx 


2 7 2 K— 22 . 7˙ k? . — —— „„ „% —— _— — 
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Detimal Fragians. 


11 I 2 RR — ** bo F TY 
LL III 2 5 15 Ci » = bY 19 th 13 Excel. itt Tir? "? 402; 5 Deeim. 1 
* a . 
- 4. If © 8 2 _ my * 2 7 5 — 
Arit h: * natick 9 of <P 3 T. * 7771 Ci 2 dl. #3 777 bes 17 ly D 
* 7 FY — 72 Sl 
COWW! 40 its #3147 T-0 % C69 's & 16 >, 272 ihe 2 C AV: To C16 1 3 4. 6 2 77 z 45 


o 77 + 0 tA! fef Tear J. 


Sect. 1. of Motation. 5 


In Decimal FTractions, the Tzteger or II H Thing (Whether 
it be Coin, Height, Ateaſure, or "Time, &c.) Is ſuppos d to bo 
Divided into Zen Equal Paris; and every one of thoſe en 
Parts arc ſuppoſed to be Subdivid:d into other Ten E = 
Par II, QC. ad 7777 721 1117. 

The Integer being thus Divided (by Luagination) into 10 
100, 1000, 10000, Cc. Equal Parts, becomes the Oemoli inator 
to the Decimal Frattion. 


Thus, EY 1 2. TS. 38 TI. Ce. 

Now theſe Deucteinators are ſeldom or never {or down but 
ouly the Nrwerarors 3 and thoſe are either diſlinguiſhed, cr 
{-parated from cis Numbers by a Polut or a Cons, 

Thus, 5,4 is 575. and o, is 28. 35:95 is 351 Ce. 

Lut before we proceed further in Net7ic, it will be conveni- 
ent tor the Learner to conſider of the follos ing alle, (taken 


our of tac Learned Mr. Onghtred's Claus Nutheratica) Which 
ſhews the very Foundation of Dcirimant Fradctious. 


„ 
1 s „C 


—— — _— — 22 
— = 1 4 * — 


ws 2 — —y—-VHn 
— —— 


abba —ÄB 
— 


: . 
| 


— — = — - 


* 


58 | | Aricymerick. 


— VT En oUo—_— 7, v4.2 
* & * / M7 5 © *# F s > Em 6 Das 7 5 LE — | 
e Numbers) Dein Parts 
* K — — —— ͤ—2—ꝛ—— OO RO ——— 
| 1 A — 1 1 A A A 7 
F 5 2 3 ip. 75 
FR * 1 0 * * * o 9 * 0 
| Ma, — 4 — ba — — ) — | gn —4 — 
7 ES. ys a wx FY of 2M — 
| DRL SNSNTSS 
T2 0-0. 22: we 28 OOTY 
| a £25 D. ew 2.29 68 we 2 
[7 z — . #. 
=. © 3 4 — # *%= # % 
28 — 
. N 
„PF 
£7 3 M ho — * 0 — 6 
"1 QC . — — KR — I wad Y\ t, | 
JF 4 4 L 
Wk ” 0 22 
- —. ce 
J S &S 248 
WV K . 
ou | _ > mg yg 
* 9. e 4 
| XXY 
S S 
Ds 
1 3 » the 
— on ene — 


By tl.is Table it is evident that as in whole Nanbers or 
Intcgors, exery Tigi from the Units Place increaſes towards 
the left-hand by a 'Tcn-fold Propertien: So in Decimal Parts 
every Deere is decrealed towards the right-hand by the lame 
S raßertiom, viz by 22. 

Therefore theſe Decimal Parts or Fractions are really moro 
Icticngcucul or agreeing with Mole Numbers than Vilgar 
Hracficms; tor indeed all plain Nemzbers are in effect but 
Decimal Parts one to another. 

That is, fuppoſe any Series of Equal Numbers, as 444, Ec. 
The firſt 4 towards the Left is Je times the Value of the 4 in 
the middle, and thut 4 in the middle is Ten times the Value of 
the laſt to the Right of it, and but the Teu⁴th Part of that 4 
on the Left, Ec. | 

Vherelcre all or any of them may be taken cither as Iutegers, 
or Parts of an Tnteer : If Iutegers, then they mult be ſet down 
without any Ccrrme or Separating Point betwixt them thus, 4.44. 
But if Iutegens, and one Part or Fradlion, put a Comma berwixr 
them thus, 4.4,4 which ſignifies 44 Hole Numbers, and 4 7enth 
of an Ct: Again, if two Places of Parts be required, ſeparatc 
them with a Ceca thus, 4,44 vis. 4 Units, and 44 Hundred 
Parts of an Unit, &c. 

From hence (duly compared with the alle) it will be caſie 
to conceive that Necimal Parts take their Denomination from 
the Place of their tall Figure. | 

* 


That is, 356 =7 1+ Parts of an Unit, &c. 
7 
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Oger Annex'd to Dacia Parts alter not their Lanes 
As „Jo, and ,500, or ,5-00, Ec. are Cach but 5 7ezrls of an 
Init. For =. And rast. Or s is. Per 
Sect. 4. of the lait Chapter. _ 

Bur Cyphers prefix d to Decimal Parts Necreaſe their J, 
by removing them further from the Coun. 


5 Tenth Parts. 

5 Parts of a Hundred. 

5 Parts of a T bo!ſaud. 

5 Parts of Ten Thouſands, &c. 


10000 i 0” 


Thus, 


Conſequently the true Vane of all Decimal Parts are known 
by their Diſtance from the U777s Place; the which being once 
rightly underſtood, the reſt will be caſic. 


Pe CE EEG 
as 


Sect. 2. Addition, a Sub Tradion / Decimals. 


Inggetting down the propoſed Narbers to be Added, or 
Snbſtratted, great care mult be taken in placing every Figure 
directly underneath thoſe of the fame Value, whether they be 
Mia d Nuiabers, or Pure Decimal Parts, and to perform that 
you muſt have a due regard to the Coimed's, or ſeparating 
Points, which ought always to ſtand in a direct Line one under 
another ; And to the Right-hand of them carefully place the 
Decimal Parts, according to their Reſpective Values or 


| Diſtances from Nuit. Then 


Add, or Subſtract He a5 if they were all Whole 
Numbers; And from their Sum, or Difference, ct off 
ſo many Decimal Parts as are the moſt in any of the 
given Numbers. 

Examples in Addition. 
Let it be required to find the Sm of theſe following Namber's, 
Viz. 34,5 65,3 128, 495 187,8 7,9, which being truly 
placed, will ſtad 


Rule. 


34755 
65,3 
128, 
95,0 
87,8 
779 


e 1 — — 
Their Sum required, 419,2 
12 


Thus, 


— - 


— 


a 
” 
60 


iettck. 
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Part J. 


Exaiin; Hic 2. 


Let it be required to find the Sνι of 25,854 þ24,578-1-9,--5 


* 
122602 2* 
var - I BANE. 


25,854 
Py - 8 
345578 
9,056 
12,90 


— —— — 


83,415 


When the Teri Pa; 
have not the ſame er 


ol. V 


"+ Ha 


The Sun Nn . 
75 proros id to be Ade (or S te 
ct Places, vou may for convenience 


of Opcration ſupply cr fill up the void Places, by Annexing 


C37 Hers, As in theic 2 
Example z. 
45,0700 


57 41:72 


X it "PCS. 


Exaiatle 4 


11575 
95796430 
78, 05460 

J. 589000 


8 
0,900000 


$12,219983. 


Examntle 5. 
©,97 5042 


F:xowmples in Subſtraction. 
Let it be Reguircd to nd the Difference between 45, 375 and 


74,284. 


4 CATH . 

1 . 8 
hat is, From 74.284 
* 171 3 
2 ax 55 * 


Ncte; The wo Þ att Er 


Exdiaple 2. 
From 43777 
$3,657 


'& 4,8 
1 CG 


—— äI— 2 —— 


347,843 Remains 17 


Framgie 4. 


Required to and. the Exccſs 


Example z. 
From 75, 034 
Lake 37. 75 | 


2 — — — — 


etween 562 and 


Example 5. 
From 345,578 
Take 157, 


— 2 1 


188,7578 


«apes are ſuppoſed to be ſuppiy'd with 


bei, Which if actually done would ſtand thus, 


562,00 2 
92,5794 


Refine N 468, 4210 


As before, 


345,778 
1 JT: 00 


188,5 


Example 


* & 88 4 p * 3 : a A 
4 # wy „ 0 
2 1 . * 
„ S * 1 


* "_ 


a Eramſili d. Exainfle 7. 
From O, 547893 From 1, Cocco 
Take 0, 439758 Take C, 997543 
, 08135 e457 
2 The Proof of Audition, and Sybltraffion in Deciimals is the 
S Came with that of Wile Niiimbess, Page 12, Cc. 
eo F 
1 0 „ a f ' 
. Sekt. 3. Hulttoltcatten Dectmals. 
99 
| Whether the Factors or Nuz:bers to be A277 þ11ed are pure 
 Decimals, or Mix'd. Ilulti piy them as it they were ail Joe 
Muumabers, and for the true Value of their Preduct obſerve this 
Rille. 
22 5 Cut off (viz. ſeparate with a Comma) ſo many Places 
% ARulc. « cf Decimal Parts 772 the Product, as there are in both 
* 47% Factors accounted tagethen. A in theſe. 
"= L:xample 1. Example 2. 
3,924 32.12 
2523 24,5 
— - 
9 072 9636 
6 048 12848 
| 6 04.8 6424 
— 
6,743 52 780,516 


The Reaſon why ſuch a Nrmber of Decimed Parts muſt be 
cut off in tha Product, may be caſily Deduced from theſe 
Examples. Thus, 

In Example 1. "Tis evident, that 3 the whole Nymber in the 
Alultiplicand, being Miltiplicd with 2, the whole Nyaber in 
the Multiplier; can produce but 6 (viz. 3X2=6) So that of 
n-ceſſity all the other Figures in the Product muſt be Decimal 
Parts; according as the Rule directs. 

Or, the Rule is evident from the Multiplication of hole 
Muzbcrs only: Thus, ſuppoſe 3000 were to be Multiplied with 
20000, their Product will be 600000 ; That is, there will be 
' 4» many Cyphers in the Product, as are in both the Factors. 
ide Page 18.) Nou if inſtead of thoſe Cyphers in the Factors, 
ve ſuppoſe the like Number of Decimal Parts; Then it follows, 

F rhat there ought to be the ſame Nrrzzber of Deciinal Parts in the 

Pycdudt, as there were Cyphers in the Factors. 
Again, the Rule may be otherwiſe made evident from 
. Pulear Frattions, thus: Let 32,12 be Mulriplicd with 24:5; 
an 


— Mw # * £5 Ja ue; tr 3 4 
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: I Part J. 
and their Product will be 789,516 as in Zxample 2. above. F 
Now 32, 12 232185. and 24, 3 2476 · which being brought 
into Improper trattons ( per Kt. z. Page 55) will become 
32788 15. and 24 3 fl. 
X= 142. per Sefb, 7. Page 55. 
But ?*3£35=780{35. viz. 780,516 as before. 


Any of theſe 'Three ways do, I preſume, ſufficiently prove the 
Truth of the aboveſaid Re, Ec. 


Example 3. Exampic 4. 
78,546 5745 
45 40075 
471276 28725 
235638 40215. 
514184 34470 
34246, 56 387,7875 


N. B. It ſometimes falls out in Multiplying Parts wth Parts, 
that there will not be ſo many Figures iu the Product, as there 
ought to be places of Decimal Parts by rhe Rule: In that Caſe 
yt miſt ſupply their Deſcct by preſiæiug Cyphers ro the 
Product; 45 772 theſe Examples. 
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Trample 6. 


52365 10347 
32455 92556 
11825 2082 
7095 104 £ 
9460 694 E 
4730 GE eat # 
- — 81892 3 
05758775 8 


3 


When any propoſed Number of Decimals is to be Multi plied 
with 10 . 100 . 1090 . looo, Ec. Lis only Removing the 
ſeparating Point in the Multi plicamd, ſo many places towards the 
Right-hand, as there are Cyphers in the Multiplier. 
Thus, „578 & 10 5,78. And, 4578 K 10025 7,8 
Again, ,578 * 1000=578. Or. , 578 x 190095780 | 

| | | Theſg 


r 
41 aps . 2 


* 22 r 8 

. Mm _” - - 8 1 
"Fs © # 7 * y 
\ T C4 '. v5 » 


* 4 7 
* ES * - 


7 >> 4 


A o = 
, * iv; ov b 


4 > "_ 9 4 © © 2 £ 
4 7 EN Ly N . * — J Wo 8 ; 
OD STC SD FOES IEEE 5 


Chap. 5. Of Decimal Fractions. 63 


Tlieſe things eing confider'd, it will be eaſte to Ax 
ecimnals, and determine their true Producis. As in theſe 


following Exaugles. 


$5,056 Multiplied into 0,578 will Produce 32, 978363 
- 6543 into 5, 4247 will Prodiice 41, 52151578 
0, 56879 X 0,5674 =, 322731446 
0, 03246 X O, o2 364 =, 007672544 

87649 X o, 0368723231, 61863 

94,3 5786 X 6, 578698620, 51110 


9034 
35141592 X 52,438 216 5,6995012 


Nou it oſtentimes happens, that it will be necdleſ: to expreſs 
all the Tigures of the Predudct at Large, (elpeciaily when the 


 Fa&ts;s have cach of them many places ot Deciiual Parts, as in 


the Iwo laſt 7:v2;zp1cs) only fo many of them as may ſufhce 
tor the intended Defign ; and yet the Prodrt? may be as true to 
ſo many Fignres as are retained, as if the Factors had been 
Attiplied at Large. And ſuch Compendicus Contractions are 
not only of curicſity, but may alſo be found of great eaſe and 
uſe to the Ingenious Practitioner; eſpecially in Refelving 
Adfefted Equations, or in calculating of 77 igomomerrical 


Problems by the Natural Sines and Tangeuts, Ec. All which — 


may be thus periorm'd. 

Viz. Ser rhe Units place of the Multiplier dire iy rmderaeath 
that Figure of the Multiplicand, choſe place y 77:tend to keep 
72 the Product; And flace all the other Figures of the Multiplier 
iu a quite ccutratmy cider to the uſual way. Ihen in Multiplying 
alarays begin at that Figure of the Multiplicand «vhich ſtands 
over the Figure e/erexvith you are they à Multiplying, fettiug 
aown the Firſt Figure of each paortiicutizr Product, directiy 
underweath one anothcr y wes herein you miſt have à due regard 
ro the ſucreaſe rich would arife our of the Teo next Figures 
to the Right-haud of that Figure in Nlultiplicand 2e/1cþ yous 
then begin with, 


Example. 


Let it be required to Mulsitly 3, 1415 with 52,7438 and 
let there be only Four places of Deciinal Parts retained in the 
'Pred: Ct. 

It the propoſed Nizbers were to be 17::1rifiied at Large, 
they mult and in 2 direct order as uſual, 


Thus 


- - 
_— — P ñ ——————— — — 


2 — ” „%%% — „% — — 


—E— — 


Irtt! met! ich. Part I. 


1 


Thus \ 


35141592 


And would produce Ten places of 
2,438 parts, as in the lait Example. 


= being 'tis required to have oniy Four places of thoſe parts 


in the <P} odutt ; 
{Lind 


ſet them down as above directed and they will 


The 171111} licand placed as before. 
The Z1a/1/{ier in a reverſe order. 


The Prod. v6} with 7 regard had to 5 times 2 
I he ne with 2, increaſed with 9X2. 
Product with 7, i er with 5X7 Y 
Pycd- 05 with 4, incr calcd with [X4F5X4» 
Pycdudt with 3, increaſed with 4X3. 
Dycdut with 8, increaſed with 4X8 +1 XS. 


The true Product as was required. | 


this Contraction is very obvious from the 


whole Operation wrought at large 


Thus 514 „ 
| „ 
1 1790 
62832 
219901 
1257 
94 
25 
165,699 
The Reuſon of 
Pius 35141592 
1 1 
Gong 52, 223 
2.8] 132756 
94124770 
12566368 
219911144 
5 3 'C) 
6 2 31154 
15707960 
145,9 5256 


From d euce iis evidoat that all the Figures 
1 the & — to the figbt-haud, are wholly 
cſhitted iu ths te ie Contra: 5 And 

tut the Laſt ſtiugle Product Here, is the 
FI.. /* there s C07: (e177; ently the Reaſo of 
jireing the Multipli er in a Reverſe 1 5 


2 iſt needs appear be yp Iain. 


æxam pi 


* 


C 2. 


Suppoſe it were required to APeeltt7 Iy 257,359 with 76,48 


and to have only t 


s þ he chicfeſt Care and Dicultyt 


is the true ſatting 
underneath th 0 proper Tig ot the 31:{tiflicand, according to 


the entire Product of Jntceers. 


The fame a 4 E 1802 4 . 


19682, 58688 
lat attends theſe Contractions, 
down of the nit, Mace in the A. Lei lies 


the deſign 'd 2 4 7 C. er 


7 72. 
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Viz. In Example 1. It was required to have Four places of 
Decimal Parts in the Preduct; therefore the Units place of the 
lr:1tiplier was ſet under the Fourth place of Decizzals in the 
AMultiflicand : And in Example 2, becauſe it was requir'd to 
have an entire Produtt of Iutegers only; therefore the Units 
place of the Multiflier was ſet under the Urs place of the 
Alultiplicand.. This, I ſay, being once Rightly underitood, 
will render the Method eake in Practice. 


CI Eg 
* — — — 
— — -» 


Set. 4 Divilion of Dectinals. 


Diviſion is accounted the molt Difficult part of Decimal 
Arith;xzetick ; In order therciore to make it plain and eafie, it 
will be convenient to Reſume what has been ſaid in Paige 25. 

The Quotient Figure 7s always of the owe Value or 
Viz. < Degree xetth that Figure of the Dividend, ander which 
(the Units Flace of its Product ſtands. | 


As for Inftance, Let 294 be Divided by 4. 
This is not 7 but 5o, becauſe the Urs 
4) 294 (7 place of 4x7 ſtands under the Yes place 
28 of the Dividend. 


14 (3 But this is only 3. 


4 12 


E. F 
L 


7 
* 


— 
* 


Now if to the Remainder a there be Annexed a Cher, thus, 
2,0 and then Divided on, it muit needs follow that the Units 
place of the Preduct ariſing from the Diviſor into the Quoticut, 
will ſtand under the Annexed Cypher ; Conſequently the 
Dnotient Figure will be of the fame Value or Degree with the 
place of that Cypher : But that's the next below the Cuits place, 
Therefore the Pr107icnt Figure is of the next Degree or Place 
below Unity ;Lhat is, in the Firſt place ot Peciinal Paris. , 


Thus 4) 2,0 (55 
So that 4) 294,0 (73,5 the true Qyiotieut required. 
This being well underſtood ; Diviſion of Decimal may (in 


Z Remains (2) Hence 733 is the Quctient. 
j 


all the various caſes) be eaſily perform d. However, that ic 
may be render'd plain and cahe, even to the meaneit Capacity, 


t poſſible ; Let Diviſion be gain Defin'd, as in Page 21. 0 
| ;"Y by 


9 
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Viz. If that Number <vhich Divides another,” be Multiplied % 
erith the Number <ehich is produced, their Product vill be the 

Number Divided. 

This Definition alone (if compar'd with the Rule, Page 61) 
will aſtord a General Rz/2 for diſcovering the true Value of the 
Onctient Figure in Diviſien of Decimeals. 

he flaces of Decimal Parts i the Divifor and 

Rul 0 Quotient, being counted together, ntuſt arways be equal 

oe7 = r . f 

- "(9% Number <w17h 740ſe in the Dividend. Aud rem this 
| General Rule ariſeth forr Cafes. 
. Caſe 1. When che places of Ports in the Diviſor and Dividend 
are Equal, the Quotient will be whole Names. 

As in theſe Examples. 


— 
— — — — — — 
o 
8 — 


8,45) 295,75 (335 070078) ,4368 (56 
2535 390 
42 25 468 
4225 468 
(0) (0) 


_ Caſe 2. When the places of parts in the Dividend, Exceed 
thoſe in the Diviſor; cut of the Exceſs for Lecimal Parts in 
the Quotient, As in theſe Examples. : 


24,3) 780, 516 (32,12 436) 34245,056 (78,546 
29 3052 

515 3726 
486 3488 
291 2380 
243 2180 

485 4534) ,30438 65 2005 5 

486 2670 1744 oY 

(0) 3738 2616 : 

3738 2616 + 

(o. ( 5 


— 


Caſe z. When there are not ſo many places of parts in tho 
Dividend, as are in the Diviſor; Annex Cyphers to the 
Dividend to make them equal. Then will the Quotient be 
whole Numbers, as in Caſe 1. 5 
of : Exampli 6&& 
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Framples. 
Let it be required to Divide 192, 1 by 7,684, And 441 by 7875 
7,684) 192, 100 (25 27875) 441,0c00 (559 
153 68 39375 
38 420 47250 
38 4.20 47 259 
(o) ä (00). 


Caſe 4. Ii after Diviſion is finiſhed, there are not ſu many 
Figures in the Quotient, as there ought to be 3 of parts by 
the General Rille; ſupply their deiect by prefixing Cyphers to it. 

Examples. 
Let it be required to Divide 7, 5406 by 957. 

957) 758406 (,00758 the true Quotient required. 


6 699 
5550 Again ,575) ,0907475 (,o) 
4785 575 
7656 1725 
7655 1745 
(0) (0) 


Note, When Decimal Numbers are to be Divided by 10. 100. 
1000. 10000. Cc. That is, when the Div ſor is an Unit with 
Cyphers ; Diviſion is perform'd by Removing or placing the 
ſeparating point in the Dividend, fo many places towards the 
Left-hand, as there are Cyphers in the Div1ſor. 

Exainples. 
10) 5784 (578,4 100) 5784 (57,84 
Io00) 5784 (5,784 roco) 578, 4 (505784 
Note. Theſe Operations are the direct converſe to thoſe in Pa. 62, 


I preſume it needleſs to give more Examples at Large, only 
inſert a few Dividends, and Diviſors, with their Quotients; 
wherein are contained all the varieties that can happeh in 
Diviſion of Decimals. 1 


$4) 493066 (859 5,74) 49,3066 (8,59 
574) 493,066 (,859 5,74) 493956,00 (85909 
574) 49,3066 (,0859 0574) 493,0655 (8590 


5,74) 4930,66 (859 * a 10574) 14530066 (8,59 1 


2 0 4 — bd - —_ 
— eee en i. LIES 


— 


There is allo a compendious way of Contracting Diviſſon; 


1 
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Like unto that of Aſultiflication, Page 64. by which much 
Labour may be ſaved ; Eſpecially when the Div ſor hath many 
FT laces of Heel], Parts in it: And it's thus performed. 
Having detcrmined how many places of whole Nzmbers there 
will be in the Quotient, ii an at all; or if none, of what value 


or place the Firſt Figure in the Quotient will be: Then omit, 


or prick Off one Figure of the Diviſor at each Operation ; 
27 . tor every Figzre you place in the 2110726727, prick Off one 
in the Dieuſen; having a due regard to the increaſe which 
wou'd ariſe from the Tig u fo omitted. 


Example. 
Let it be required to Divide 30, 3 by 1,3853. 
The Work Contracted. = The ſame at Large. 
| ö | | 
7,9863) 70,2300 (8,938 | - 7,9853) 70,2300 (8, 7938 
* 63. 5924 62 $994 
3390 | 33960 
_5 5904] 5 9990 
7492 j 7491900 
7187 7187 G7 
395 5 3041250 
239 239589 
66 | 6416410 
64 6515904 
(2) 1:4 | ol7506 


The Work Contracted I preſume is ſo obvious (if compared 
with the fame at Large) that it's needleſs to give any farther 
Explanation ot it. 


* 


— _—_— — 


Sect. 5. To Reduce UAulgar Frattens into Decimals, and 
the contrary. 


Any YVulzar Fracticn being given it may be Reduced, or rather 
Changed into Decimal Parts Equivalent to it. Thus, 


Anne Cyphers ro the Numerator, and then Nivide 
Rul it by the Denominator, he Quotient 07/7 be the 
e. ) Decimal Parts Equivalent to the given Fraction; or ar 


leaſt ſo near it as may bethought neceſſary to approach. 
2 Example, 


* 
. 
Is 
4 L 
2 | 
he 


- © . * 
r 
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Chap. 5. 
. — — 
xai ple. 
"TS required to Change or Reduce, into Decinnts. 

4) 3,00 (,75 The Pecimat Parts required. 

That is, 3=+3:55=,7 5+ 
Again 3,5 Thus 2) 1,0 (, And =, 25 4) 1,00 625 
Suppoſe it were required to C/27299 5 into Decrmnals. 
7) 4,09c000000d (, 5714285714 &c. = 

Note, When the laſt Figure of the Diviſor (That is, the 
Denominator of the propoſed Frafic) happens to be one of thef:: 
Figures; viz. 1.5 . . or 9. (as in the laſt Example) then 
the Decimal Parts can never be preciſely Equal to the given 
Fraflion ; yet by continuing the Diviſion on, you may bring 
them to be very near the truth. As in this Example; Suppoſ:s 
it required to Charge , into Decimal Parts. 


13) 1,0000 (,07692307692307 &c. ad inſinitum. 


91 
90 That is, o, 7692 307692 307 , fere. 
7 | 
* And from hence it ox be further 
| 117 obſerved ; That in theſe imperfect 
8 Luotients, the Figures do return again 
30 and circulate in the ſame order as before: 
26 As you may caſily perceive they begin 
ee to do in the ſeventh place of both thete 
* laſt Exam ſiles. 
3 


10 


&c. As at firſt. 


Theſe being underſtood, it will be cafic to find the Decimal 
Parts Equivalent to any known Part, or Parts of Coin, Meiahbts, 
Aſcaſures, or Time, &c. If you Firſt Reduce the given Parts 
of Coin, &c. into a Vulgar Frattion, whoſe Denommator is the 
Number of thoſe known Parts contained in the Iateger, and the 
given Parts its Nrumerator. | 


Examples ia Coin, Cc. 


1. Let it be Required to ſind the Decimals of 16 s. 6 d. 
Firſt 16 f. of one Pound, and 6 d. of 117. 
But 25 fas Then 40) 33,000 825 the Decimal parts 


Required : That is, ,825=16 f. 6 d. 


Again, Suppoſe it were Required to find the Decimals Equal 
to 34. 135. 44. 


Her 
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Here 3/. is 3 Integers, and 13 5. s of 1 J. and 4 4. 2 
But enn. Then 240) 160,000 (2,666668, Kc. 
Hence 2/. 135. 4 4.=3,666566, Cc. As was Required. 

>. What are the Decimal equal to 75 Inches, one Foot being 

made the Integer. 

ict, > Inches are of 1 Foot, and of 1 Inch arc * 


But 1 85 Then 48) 31, 00 (,64583 Sc. Inches. 
5. Let it be Required to Change 8 3. 19 Pvt. 8 Grains into 
Necimels , one tb. Troy being the Juteger. 
Theſe being Reduced into their Lealt 2 erm, and Added 
together will become e352 6 . 
Then 5765) 4594,0% 5 (,54722, &c. The Decimals Required, 
And thus may any propoled Partsof Coin, IVeights, Meaſures, 
&c. be Reduced or Changed into Decimal Part, z Which 
= raaps may at firſt ſeem ſomewhat tedious in Practice, but 
eing a little acquainted with them it will be found very eaſie; 
and che Inzenious Practitioner will (with a little Conſideration) 
ſoon find how to Reduce them almoſt mentally ; or with the 
kelp of a very few Figures ; without the uſe of ſuch Large 
Tables as are uſually inſerted in Books of Decimal Afichmetick, 
or #t molt they may be contracted into ſuch as theſe following; 
which.it Duly applied to thoſe Tables in Chap. 3. will be found 


very uſctul, 
iDeciinal Tables. 

j In Engliſh Coin. Averdupois Weight. 
| 0,05. + t 0,0625....=1 Ounce 

O, 0041666) 4. 0, 09039062 5 Drachm 
| ©,0010415 Taxi J. arthing I, b being the 7; eer 

1,7. buing the Tuteger. 

Tie I; right, 4 verd mr Grear Weight. 

[0,094 - V. 25+ coveomy Ge 
| 0,99205333=1 Gra. 80% % 1877221 Ib. 

I, 5. bez ing the Integer. | C,2005 5803=1 O:172:ce 
, C. being the Integer. 

Apothecaries Bl 27h. Time. 

10,125. . 21 Drach ij 0,04166667=1 Hour 

0,5416698 ) | 0,00069444=1 Arnie 
0,0020833;=1 Graz ©,900C11 57=1 Second | 

1, J. being the Itege. 1, Day or 24 Hours being 

made the Lareger [ 


——— 


The Uſe of theſe Tables will be evident by the fallowing, 
0 Example. 


[> 
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Fixample. 
Let it be Reqilired to find the Decimal Parts Equivalent to 
175. 9 4. 2 Farthings. 
Firſt, 0,905=1 S. Therefore 17 x,05=,85....=17 5. 
And ,004166==1 d. Therefore ,04165 X9=,037494=094. 
Allo 2) ,004166 (S, o = 7. 


Conſequently their m, viz. 0,889577=17 5. 92 4. 

Now to find the Value of Deciinals, in known Parts of Coin, 
or Weights, &c. is only the Converſe of the former Work. And 
is thus performed. 

Multiply He given Decimals wwith the Nenominator of e 
Vulgar Fraction Required: That is, Multiply he Decimals 
<r1t/} ſuch a Number of Units s are contained in the next 
Lower Denomination of Vat Kind or Species which your 
Decimal zs of : And the Product ii be the Number Required. 

Example. 

1. What is the Value of 0,825 Decimals of 1 Poumd Sterling. 
That is, how many HHillings, Pence, &c. , 82 5. Firſt, the next 
Lower Denomination is 20, becauſe 20 5. make one Pouud. 

Therefore O, 82 5 


20 
Shillings 16, 500 And Parts of 1 Shilling. 
3 
Pence 6,000 Anſwer 0,82 5==16 J. 65. 


Again, what are the known Parts of Engliſh Coin Equal to 
$.666666 Dectmals. 
Here the 3 Iutegers are 3 Pornds. Then ,666566 
: s 20 


Shillings 13, 333320 
12 


Anſwer 3, C ez. 135. 4 4. 6666439 
33552 


: Pence 3,999849 
What is the Value of o, 4722 Parts of 1 lb. Troy. 


Firſt, 4722 Then, ,96664 Again, ,35259 
I2 20 24 
I 49444 Pots. 19, 33280 | I 3312 
7 4722 6 656 
— — 3 
F, 8,9666 3. Pet. Gr. 7,08 


Theſe Colle ded are 8. 19. 8. very near. 
And 
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And thus any propoſed Nzzzber of Decimials may be turn'd 


or Chang'd into the known Parts of what they Repreſent. 
vis, Whether they be Parts of Corr, Werghts, Meaſures, or 
Time, &c. 

I have omitted inſerting more 771a7zples of this kind, becauſe 
T take the Excellency, and indeed the chief uſe of Decimal 
Fraftions to conſiſt more in Geomerrical Compritarions, than in 
the Common or Practical Paris ot Arithmerick (as will appear 
further on) although even in thoſe they are very uſeful upon 
ſeveral Accounts; Eſpecially in the Computations of Intereſt and 
Annnities, &c. (But of that more in its proper Place.) I ſhall 
therefore conclude this Chapter with a Remark or 'Two upon the 
Nature and Properties of Fracticns in General. 


If any given Nzzz#b2r (whether it be Je or Mix d) be 


Alultiflied with a Fraftion either Vitlgar or Decimal, the 
Predntt will be Leſs than the Moll ilicaud, in ſuch a Proportion, 
as the NMlultipi ing Fraction is Leſs than an Vit or 1. ; 

That is, as the Nenominator of the Fraction 7s to its 
Numerator ; ſo ri the given Number be to the Product. 

Thereſore, whenever any Number is to be Multiplied with a 
Traction, whoſe Nitmerator is an Unit. Divide that Nember by 
the Derominater of the HVactien, and the Quotient will be the 
Preduci Required. Thus 12X;=3. And 12+4=3. Again, 
12 K r C. And 12 ＋ 2 =. Cc. 

From hence it follows, that if any Number be Divided by a 
Froficn, the Quotient will be greater than the Dividend ; by 
ſuch a Proportion as ni is greater than the Dividing Fraftion. 

Thus 12 ＋ 8, vis. 1: I:: 12: 48. Ec. But the Truth 
of theſe will be belt underſtood after the next Chapter. 


HAP. VL 


Continued Y2opo2tions, aud how to Change cr Vary the 
Order of Things. 


SH. 1. Cerc9rning Arithmetical Progreſſion, rſr1ally called 


Arithmerica! Propertion Continued. 


WW HEN any Nauk or Series of Numbers do either Increaſe 
_* erPDecreaſe by an Equal ſrterual or Common Difference; 
mole Nu⁰Eů ers are ſad to be in Arithretical Progreſſion. 


As 


* 
2 


——_— — 
— — 2 
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ommon L)7fference is 1. 
O. 12. 14. Cc. 71 Here the Common 
| n TEE S1 Difference is 2. 

And ſo of any other Ses, «choſe Common Differoco is 
3 '4 +: Ne. 
TI emma 1. 

If any three Nabe be in Arirhmetica! Pregreſſio; the 
ii of the two 1:rrrenmas (viz. the Firſt and Lalt) will be 
equal to the Double of the 1ea;z or middle Miner. 

As in thelt 3. 4 &.- Or 3.659. Or 3.7.17; 

Liz. 2-6=4+4. Or 3-F9=6-r6. And 5+11=75+5. Ec. 

| Lemm 2. 

If any Tour Numbers are in Aithimetick Progreſſion, the Sum of 
the 'T'wo Zrtreams will be Equal to the $7772 of the TN . 

As inthe ² MTR ¾⅛¾⅛ -M 3. $49 14% 

Viz. 2+8=4 T6. And o +12=6-F9. ETC 

Corcllary 1. 

Frem theſe Tro Lemma's i caſie ro conceive ; that if never 
ſo many Numbers be tu Anthmetick Progreſſion, ze Sum of 7/2 
{vo Extreams will be Equal to the Sum of any T Means, 
that are Equally diſtant from thoſe Extreams. 

As inthe. 4, 4+ - Co 0-10-12 +14 -I6: 

Then 2-þ£16=4-T14=6+12=S-+10. 

Or if the Number of Zecrizs be odd as theit, 

%%% er. 

Then 2+18=4+16=5 +14=8+12=10-+10, 

Leimma z. 

Every Series of Numbers in Arithmetick Pregieſſon is 
Compoſed of the Jeterval or Common Difference, ſo often 
repeated as there are 7 ers in the Progref/*ou except the Firit. 

As in theſe; 1. 3. 5. J. 9, IE 13. 15. 17. Ce. 

Here the faterval or Common Difference being Two, it will 
be 1 F zz. 3F2=5. 5$Þ2=7. 7 zZ 9. y-ha=11. 
II T2 13. 13 T2215. 15 T2217. Ec. 

| Corollary 2. 


Hence it's evident, that the Difference bert=tixt the Tutco 


E:treams (vg. 1 4nd 17) 1S compoſed of the Commun Diference, 
Aultiphed ite tbe Number of 8:7 rhe Terms excepting rhe 
Ort. 


As in the aforeſaid Progreſon, 1 3. 5. 7. 9.11. 13. 15. 17. 


L The | 


«6 - 7-3 Bc0 1 Here the [nterval or 
3 TC 
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The Number of Terins without the Jiyſt is 8 p Muttitly 


'The Common Diferenxce is 
The Difference betwixt the two Extreams 16 
Propoſition 1. 
in any Series of Ninubers in Ait tic Progreſſion, the Two 
Extreams, and the Number of Yerins being given; thence to 
find the Sli ot all the Series. | 
Atultiply the Sum of the taro Extreams into the 
Theorem © Neuber of all the Teriiis ; and Divide the Produ 
y 2. The SGuoticut wrill be the Sum of all that 
Series. Per Corol. 1. 
Example 1. 
"Tis Required to find the Number of all the Stroaks a Clock 
{\rikes in one whole Revolution of the Index, vi. in Twelve Hours, 
Here 1i-FI2=13 the Sm of the two Extreams. 
And 12 the Neuber of all the Terms. 


— — — 


26 
13 


—— — — 


Then 2) 156 (78. The Number of Stroaks Required. 
Eæxample 2. 

Suppoſe one Ilumdred Eggs were placed in a Right Line a 
Yard diſtant from one another; at tha firſt Egg were a Yard 
from a Basket; whether may a Man gather up thoſe 109 Eggs 
ſingly one after another, ſtill returning with every Egg to the 
Basket and put it in, before another Man can Run Four Miles, 
That is, waich will run the greater Number of Yards. 

In this Queſtion 220--2=202 Is the Sum of the Iwo Het. 

And 1-2 Is the Nuab. of all the Terms. 


| Ihe Number ot 
Then 2) 20220 (x01co% Taras he runs that 
. takes up the Eggs. 
> v7 4 Miles=7240 Yards The Yards he runs that takes up the 
Put 1818 —7242=:3060 1 Eggs more than the other. 


Propoſition 2. 


— 


In avy $e71cs of Numbers in Arithmetick Progreſſion, the Tuo 


4 xr eams ara Nauen of Terms being given; thence to find the 


Common 1}:{terence of all the Terms in that Series. 

| The ͤ Difference betwixt the No Extreams, 

being Divided by the Number of Terms leſs an 

Unit or 1, The Quotient will be the Comm: 

PS Differcuce of the Sies. Per Corol, 2. | 
£xa17f+t 
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One had Twelve Chiidren that Differcd alike in all their 
Ages; the Youngeſt was Nine Years Old, the Eldeſt was 
Thirty Six and a half ; what was the Difference of their Ages, 


and the Age of cach ? | 

Here $5,5—9=27,5 The Difference of the Two Extreoams. 
And 12—1=11, The Number of Terms Leſs an Unit. 
Then 11) 27,5 (2,5. The Common ZD/ftrence Required. 
Conſequently 9-+2,5=11,5 The Age of the Youngelt but one. 
And 11,5+2,5=14 The Age of the Youngelt but TWO. Aud 
10 on for the reſt. Per Coro!. 2. 


Example 2. 

A Debt is to be Diſcharged at Eleven ſeveral Payments to be 
made in Arithmertick Progreſon. Ihe Firit Payment to be 
Twelve Pornds Ten Shillings, and the Laſt to be Sixty Three 
Pornds. What's the whole Debt, and what muſt cach Payment 
be? 

Per Theorem 1. Find the whole Debt thus: 
12,5453=75,5 The Sum of the Ev:reams:* 
1 x The Number of Terms. © + 


755 
755 


2) 830,5 (415,25=4157. 5s. The whole Debt. 
Then Per Theorem 2. Find the Common DiFerence of each 


Pavment. 


Thus 63—12, 5 50,5 The Difference of the Extreams. 
And 11—1=10 The Number of Terms leſs 1. 
Then 10) 50,5 (5,95=5 J. 1s. The Common Difference. 


V 
Conſequently 12. II 5. 1=17 . Ix The Second Payment, 
%% SY OE. 


And 17 IIS I=22 . 12 The Third Payment, Oc. 
Example 3 


A Man is to Travel from London to a certain Place in Ten 
Days, and to go but Two Miles the firſt Day, encreafing every 
Days Journey by an equal Exceſs ; ſo that the laſt Days Journey 

pl be Twenty Nine Miles ; what will cach Days Journey bc, 
and how many Miles is the Place he gocs to, diſtant from London? 


E Firſt 


5 ” 
- SS. — 


J 
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Firſt 29—:=27 The Difference of the Frtreamns. 
And 15—1=9 The Number of Terms leſs r. 
Then's) 27 (3. The Common Difference. 
Conſequentiy 2-F3=5. The Second Days Journey. 
And 5 z 8. The Third Days Journcy, Sc. 
Again 29-F2=3r The $72 of the Exireams. 
10 The Number of Terms. 
2) 310 (155 The Diſtance Required. 


There are Eighteen Theorems more relating to Queſtions in 
Arithmetick Progreſſion 5 bat becauſe they would Require a 
great many Words to ſhew the Reaſon of them: I therefore refer 
the Reader to the Second Part, vis. That of Algebra, where 
he may find their Analiticat Inveſtigation. 


a6 ate - ” . * 


Sea. 2. Concerning Crometrical Mꝛopoꝛtion Continicd; 
ſometimèes called Geometrical Progreſſion. 


When a Rank or Series of Numbers do cither Increaſe by one 
Common Aſultiplicator, or Decreaſe by one common Diviſcr ; 
thoſe Numbers are faid to be in Geometrical Proportion continu'd. 


As 2 4. 8. 16. 32. &c. here 2 is the common Multiplier 
264 - 32 + 16. 8. 4. &c. here 2 is the common Div ſor 


C526 18 . 54. 162. &c. here 3 is the common Aſulti pl. 
162. 54. 18. 6. 2 here z is the common Dio ſur. 


Nete, the common Aſultiplier (or Diviſor) is called the 
Notis ; and it ſhews the Habitude or Relation the Nzbers 
have to one another, vis. whether they are Double, Triple, 
Quadruple, &c. Which Euclia thus defines. | 

Ratio (cr Rate) is the mutual habitude or reſpect of Tero 
Magnitudes (conſequently Teo Numbers) of the ſame kind cach 
ro other, according to Quantity. Eu. 5. Def. 3. | 

Profertion (rather Proper tionality)is a Similitude of Rario's. 
Eu. 5. Det. 4. | NO 

So that there cannot be Leſs than Three 'Terms to form a 
PFroportionality or Similitude of Rutio's; and if but Three 
Terms, the ſecond muſt ſupply the place of Two. As in theſe 
76-8: Tek via: ws. Ar erdn es) 

Here 4 the Midas Term ſupplies the place of 'I'wo Terms, 
to wit, ct the Sccond and Third; 8 bearing the fame Reaſon, 

PD fo 


© — —V 
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& :: 80 18 4: 10 8. 
Lemma t. 


If three Nuzbers are proportional, the Reianmgle or Product 
of the Tw o Extreams; vg. of the Firit and Laſt 'T'erms will be 
equal to the $77are of the Mean or Middle Term. (20 Eucl. 7. 

As in theſe 2: 4: 4: 8 Here 8X2=16 the Produci of thu 
Extreams. 

And 4X4-=16 the Suare of the Mean. Ergo 8X22=3X4. 


Core. 1. 


Hence it follows, that if the Predulct of any Two Numbers be 
Equal to the are of a Third Number; thoſe Three Number; 
will be in Proportion. 


Lemma 2. 


If four Numbers are proportional, the Preduct᷑ of the Two 
Extreams, will be equal to the Yreduct of the Two Means. 
(19 Euclid j.) 

As in theſe, 2:4 :: 8: 16. Here 16*½ 32. 
And 8X4=32. Conſequently 16X2=8% x4. 


Corol. 2. 


From hence it follows, that if the Product of any T*v0 
Numbers, be Tua to the Product of any other Tue Numbers, 
thoſe Four Numbers are Proportionals. 

And from theſe 'T'wo Lemma's, it will be caſie to conceive, that 
if never ſo many Numbers are in continued Proportion; the 
Product of the To Extreams, will be equal to the Prody& of 
any Two Means, that arc equally diſtant from the Erxrrcams. 

As in thele 2 4 8. 16. . 32 64. Ke. 

Here 5$4X2=32X4=16X8. &c. Aud if the Number of Terms 
be Odd, 

As in theſe 2.4.8. 16. 32. 64. 128 &c. 
Then 128 & 2=64 X4=32 X 8=16 X 16. 


Note, The Character made nſe of to ſieniſy continud 
Profortionals is 2 


tn 


| 
: 
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In every Series of = (viz. of continued Proportionals that 
Number which is compared to another, is called the Antecedent 
of the Ratio; and that Nwumbry to which it is compared, is 
called its Conſequent. 

As in theſe, 2: 4:: 4: 8. Here 2 is the Autereſeut, and 
4 is the Conſeguent; and 4 the middle term is an Anteceaent to 
$ its Confequent « Whence it follows, that in every Series of = all 
the Middle Terms between the Firſt and Laſt arc both Antcce- 
dente and Conſequents, 

As in theſe, 2 4.8.15. 32 . 64. &. Here 4.$. 
16 . 52 are both Conſequents and Antecedents. 
For 2.2: 4:12: 428-22 8.2 10 12-16: 32 72 42. 2 Cai &e. 

So that all the Terms except the laſt are Autecedents. And 
all the Terms except the firſt are Coſc quent. 


Lemma z. 


If never ſo many Mmbers are Proportional, it will be: As 
any one of the Antecedents is to its Conſequent : So will the Sum 


If all the Autecedeuts be; To the Sum of all the Conſtquents, 


(12 Euclid 5.) 
| That is, in the foregoing Series. 

2 : 4 :: 2+qÞ+8T+16-+32 : 44F8+16þ$32+64. 

For it's evident, that 4+8+16-+324-64 the Sm of all thc 
Conſequents, is double to 2+4+8+16+32 the Sim of all the 
Antecederits ; As 4 1s to 2, according to the Ratio, and would 
have been Triple, or Quadruple, &c. had the Ratio been 3 Or 
5 Note, Jn every Series of =- the Ratio is found by Dividing 
any of the Corſequents by its Antecedent. 85 

As in theſe, 2: 6 : 6 3 18 23 18 54. :: 31 162. 
Here 2) 6 (3 the Ratic. Or 6) 18 (3 &c. | 

From the Second and Third TLemma's may he raiſed Two 
General T hcorems or Rules, for finding the $2 of any Series 
in = without a continued Hadition of all the Terms. 

Let the Series 2. 4. 8. 16. 32 . 64. 128 , be given 
to find its Sun:. | | | 


Suppoſe the Sum of all the Terms. 
Then will 2z—12$=the Sm of all the Antecedents, 
And 2-2 the Sn of all the Conſequents, 
But 2: 4: : 2—125 : — . per Lemma 3, 
£730 4 - =:. per Lemma 2. 


Conſe- 
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Confequently 42—22=512—4. 
eo em. 3 FER Arts, 


In words at Length thus. 


-”> 
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From the Product of the Second and las 
Terms; Suliſtratt the Square of the Firſt Term ; 
Theorem 1. at Remainder berng Divided by the Second 
Term Lefs the Firſt will give the Sum of all the 
SCries. 
Or the Firſt Term, the common Ratio, and the Laſt Term 
be only given, Then 
Multiply the Laſt Term into the Ratio, and 
from their Product Subſftraft the Firſt Ten; 
Teorem 2. Wi vide that Remainder by the Ratio Leſs Unity 
or 1, aud it will give the Sui of all the 
SCrLES. 
For 42—22=512—4. As above. | 
Conſequently 22—2=2 55—2 vi. the laſt Divided by 2. 


276—2 
Then 2 


Erample. Let 2. 6. 18. 54. 162 . 486. be the given Sies. 
Here 2 is the Firſt Term, 3 is the Ratio, and 485 the Laſt Zorn, 


ZHhecrem 2. 


4 — 


But 486 321458. And 1458— 2281457. 
Then $—1=2) 1456 (728 the Sum required. 
That is 528=2 +6 +18+54-+162+486. 


In cither of theſe Theorems it is required to have the Laſt 
erm known (the which in a Long Series of = will be very 
tedious to come at by a Continued Maultiplication, Cc. It will 
therefore be convenient to ſhew how to obtain either the Laſt 
Term or any other Terim, whoſe place is aſſigned; withour 
producing all the Terms. 

In order to that, it will be neceſſary to premiſe the Coherence 
or Similitude that is betwixt Numbersin Arithmetical Progreſſion 
and thoſe in Geometrical Proportion. 

If to any Series of Numbers in + whenthe firſt Term is not 
an Unit or 1, there be Aſſigned a Series of Numbers in 
Arithmetick Pregreſſon, beginning with an Vit or 1, and whoſe 
Common Difference is 1. Called Indices or Fixponents, 


VVV HHaicęs. 
Thus, 1. „4. 8 16. 32.64 118 c. 5 


Then 


— — 
2 ** * — — 


— — — —„-— — —— VA — — — — — ͤ ũů4?1— ——r1B M — 


nen will the Hdition, or Subſtfactiun of any Two of thoſe 
Tiidices (or Numbers in Aritiunetic' Pregreſſen) directly 
Correipond with the Product, or Qiotient of their Reſpective 
Terms in the Serics of =- 
F As 3+4==7 | 
 L So 8X16=125 the Scvrritb Term in = 
1 As 6 A- =10. 
C0... Sonne:! The Tenth Term in =: 

As 7 — I. As G—2==, 
Or. 15 Pe \ Or, 17 T eee, 

80 1 2H9>S5==I6, SO 64-=4=16 5 

But it the Series of = begin with an Unzr, the Indices mult 
begin with a U „puer. 

. EO: tc. 4:4 4:4 6. Sc 
s in theſe 3 . 

A "12,2 16. 32 64. 

Now by the help of theſe Indices, and a few of the Firſt Terms 
in any $-72es of + It is plain that any Term whoſe Place or 
Diſtauce irom the Firſt Terin is Aſſigned, may be ſpecdily 
obtained without producing the Whole Sic. 


Thatis 


22 


* & * 


Exaufle 1. 


A Man bought a Horſe, and was to give a Farthing for the 
Firſt Nail, Iwo for the Second, Four for the Third, Sc. In = The 
Nuinber of Nails was to be 7 in every Shoe, vis. 28 Nails in 


all. What muſt he have paid for the Horſe ? 


1. 2. 4. 8. 16. 32. Farthings in = 
Then 5+5=10 And 3 10+19=20 
LL 232X32=1024  1024X1024=1048576 
OY rms 
Again, 7 . 


e 
* 7 Rr bn 


2 I:40576XI28==134217725 


Which is here to be accounted the 28 and laſt Term. Becauſe 
the Firſt Term inthe Sies is 1. Which doth neither Multiply 
nor 2:n:4c. 

Now this 134217728 being the Number of Farthings to be 
paid for tha Lait Natl, by it the common Ratio which is 2, and 
the Firſt Tem which is 1. may be found the Sym of all the 
St riti. Ver Tt 2. 
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th. 


124217728 
2 


ꝙꝙꝗ—— 


28435456 From this Produc? Su Yſtracf r. 

Lig. 26843 56-1 268435455. Then 2—1T=1 the D/ 
Conſequently 268435455 is the /m of all the H or Price 

of the Horſe in Farthings; which being brought into Pons, 

&c. (See Page 45) will be 2796207. 55. 54. 3947s. 


Example 2. 


A cunning Servant agreed with a Maſter Cunskill'd in Numbers) 
to ſerve him Eleven Years without any other Reward for his 
Service but the Produce of one heat Corn tor the Firſt Lear; 
And that Produ to be Sow'd the Sccond Lear; and ſo on from 
Year to Year until the End of the Time. Allowing the Enereaſo 
to be but in a 'Ten-told Proportion. 

Tis Required to find the Sum of the whole Prodrico, 
5 2 & | ˙ 3 Indices of Tears: 


Tug] © = = 3 | | 
IO . 100. 1000. 10000. 109099 N Heat Corus in 


Th As 4 + 32 6 
Then 2 N "OT 3 
So Ioooo X150=190C009. the 6th Years Produce. 


And 4 6 —— 5 — 11 
I000000X100905C=10090002002009, The Eleventh or 
laſt Years Produce. 
Then, (either by Theorem 1 or a) the S772 of all the Series 
will be, 111111111110 Corns. Now it may be Computed from 
Page zi and 34, that 7689 Wheat Corns round and dry out of 


the middle of the Ear, will fill a Statute Pint. It fo ; 


Then 7680) 111111111110 (14467592 Pints, but 64 Pints 


are contained in a Buſhel. 


Therefore 64) 14467592 (226056 Buſhels, Suppoſe it to 


be ſold for 3 Shillings the Buſhel ; 


Then 7 2260567 


2 


Shilling 678168 4 33908 l. 8. 47 A very god 
Recorapence for Eleven Years Service. 


There are ſeveral pretty Queſtions Reſolved by Nzz2bers in 


' Arithmetical Pregreſſion ; And by thoſe in= which the Ingenious 


5 
* 
5 
44 
1 


: Learner will eaſily perceive hereafter ; v/s. When we come to 


the Solution of Preſtions, relating to Iatcreſt and Anitities, Se 


M There 
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I here is alſo a Third Kind of Proportion, called Muſical ; 


which being but of little or no common uſe, I ſhall therefore 


give but a ſhort account of it. 

Muſical Proportion or Habitude is, when of Three Numbers 
the Firſt hath the ſame Proportion to the Third; As the 
Difference between the Firſt and Second hath to the Difference 
between the Second and Third, 

As intheſe, 6. $ . 12. vis. 6:12:: 8—6:12—8 

If there are Four Numbers in Muſical Proportion, the Firſt 
will have the ſame Proportion to the Fourth; As the Difference 
between the Firſt and Second hath to the Difference between 
the Third and Fourth. 


As in theſe 8. 14. 21. 84. 
Here 8: 84 :: 14—$=6 : 84—-21=63. 
That is, 8: 84 :: 6: 63. 
The Method of finding out Nynbers in Muſical Proportion is 
beſt expreſſed by Letters; as ſhall be ſhewed in the Algebraick 


Part. 


7 — 1 


* 


Scct. 3. How ro Change or Uarie che Order of Things, &c. 


This being a Thing not Treated of in any common Books of 
Arithmetick (that I have had the opportunity of peruſing) made 
me think it would be acceptable to the young Learner to know 
how Oft its poſſible to Varie or Change the Order or Poſition of 
any Propoled Number of Things. 

As how many ſeveral Changes may be Rung upon any 


Propoſed Number of Bells; Or how many ſeveral Variations 


may be made of any Determined Ninmber of Letters; Or any 
other things expoſed to be Varied. 


The Method of finding ont the Number of Changes, is by 4 
continua Multiplication of ali the Terms in a Series of 
Arithmetical Progreſſionals; <ehoſe Firſt Term, and Common 
Difference is Unity or 1. And Laſt Term rhe Number / 
Things profoſed to be Varied, viz. 1X2 X3X4X5X6X7, &c. As 
Will 3 from what follows. 

1. It the things propoſed to be varied are only Two, they 
admit of a double Paktes, as to order of Place; And no more. 


Thus, 1 a : l Jai 


z- And if Three things are propoſed to be varied, they may 


La 
A 
1 
; 


5 


F 
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be changed Six ſeveral ways; As to their order of Places; And 
no more. 


For beginning with 1 there will be 4 
Next bcginning with 2 there will be 1 
Again, beginning with 3 and it will be 1 


Which in all make 6 or 3 times 2. vis. I X2z Xx 3 


3. Suppoſe Four things are Propoſed to be varied; 
Then they will admit of 24 ſeveral Changes, as to their Order 
of Different Places: 


* * 


For beginning the Order with 1 it will be 
Here is Six Different Changes. 


8 E445 
And for the ſame Reaſon there will be 6 Different Changes 
hen 2 begins the Order, and as many when 3 and 4 begins the 
Order; which in all is 24=1X2X3X4. And by this Method of 
Procceding, it may be made evident, that 5 'Things admit of 129 
ſeveral Variations or Changes; and 6 Things of 720, Ec. As 
in this following Table. 


= = — buy 
1 t 4 
1 
59 25 


The Number] The manner how|The different Changes ori 
of Things their ſeveral] Variations every one of | 
propoſed to} Variations are] the propoſed Numbers | 
be varied. Produced. can admit of. 1 

| I | LI XI|=L Tg 

2 I X2|=2 

3 2 X3|=6 

4+ 6 X4|=24 

5 24X5|=1240 

6 I20X5|=720 

7 | 720 X7|[==5949 

8 5040x8320 

9 403209 362880 
10 362880 K 10 3628800 
11 3628800x11|—39916800 
Iz 32916800X12 |=479001600 


M 2 Theſe 
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Theſc may be thus Continued on to any Aſſigned Number, 
Suppoſe to 24 the Newber of Letters in the Alphabet, which 
wil! admit of 620448401733239439260cc» ſeveral Variations. 

Frum theſe Computations may be ſtarted ſeveral pretty, and 
indeed very ſtrange Queſtions. 


Examples. 


Six Cemlemen that were Travelling met together by Chance 
at a certain Inn upon the Poad, where they were ſo pleaſed 
with their Holt, and each others Company, that in a Frolick 
they made a Contract to ſtat at that Place, ſo long as they, 
together with their Holt, could fit cvery day in a Different Order 
or Petition at Dinner; which by the foregoing Computations 
will be found near 14 Years. Por they being made ) with their 
Holt, will admit of 5040 Different Poſitions; but 52:40 being 

Divided by 365 4 the Number of Days in one Year, will give 15 
Years and 291 Days. A very pretty Frolick indeed. 

L have been told, ('That before the great Fire of. London, 
which happen'd . 72:20 1666) there was 12 Hells in St. Mary Je 
Sc Church in Cheapfide, London. Suppoſe it were Required 
to tull how many ſcveral Changes might have been Rung upon 
tro! 12 Bells: and at a moderate Computation how long all 7 
hei Changes would have been Ringing but once over. | 


Firit, TM2X3X4X5KXCKNTKSNgNIONIIXI2=47$2216c0 the 
Nutinder of Chenges. 


Then ſuppoſing there might be Rung 10 Changes in one 
Aſiuntèe: vis. I2 x zo Sirocks in a Minute, which is 2 
S1ro6Rs in a Hecht Tie; now according to that rate there 
mult be allowed 47900160 Minutes to Ring them once over in 
all their Different Changes ; vize 10) 47501699 (4700150. 

In one Year there is 365 Days, 5 Hours and 49 Aliuutes; 
which being Reduced into Minutes, is 52 5949. ; 


Then 525949) 47929160, (91 Tears, and 26 Days. 


So long would thoſe 12 Hells have been continually Rigg 
without any Intermiſſion, before all their Different Cheges Þ © 
could have been truly Rang but once over. *Tis ſtrange, and 
ſeems almoſt incredible, tat a few things ſhould produce ſuch 
Varictics. | 

But 


* 
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But that which ſeems yet more ſtrange and ſurpriſing, yea, 
even impoſſible to thoſe who are not a little vers'd in the power 
of Numbers, is, that if two Zells more had been Added to the 
aforeſaid 12, they would have advanc'd the Number of Changes 
(and conſequently the Time) beyord common belief. For 14 
Nel: would require (at the ſame rate of Ringing as before) about 
„Nan to Ring all their Different Changes but once over. 

And if it were poſſible to Ring 24 Bells in Changes, and at the 
ſume Rate of 10 Changes in a Minute, which is 4 Stroaks in one 
Secend ; they would require more than 117000000000200099 
Pars to Ring them but once over in all their Different Changes z 
as may caſily be computed from the precedent Table. 


— 


— — 


CH APY 
/ Pꝛopoꝛtion Dis und; commonly called the Golden Rule. 


P Roportic:z Disj mn, or the Golden Rule, is citker Dixedi or 


Reciprecal, c.iled Inverſe. And thoſe are both Simple and 
Compornd. | 
| Sect. I, 


Direft Proportion is, when of Four Numbers, the Firſt beareth 
the ſame Ratio or Proportion to the Second; As the Third 
doth to the Fourth. | 
As in theſe 2: 8: : 6: 24. 

Conſequently, the greater the Second 7%m is, in reſpect to 
the Firſt; the greater will the Fourth Term be, in relpekt to 
the Third. 

That is, as 8 the Second Term, is 4 times greater than 2 the 
Firſt Term : So is 24 the Fourth Te, 4 times greater than 6 
the Third Term. 

Whence it follows, that if Four Ninubers are in Direct 
Proportion, the Produtt of the Two {txtrcams, will always bc: 
Equal to the Product of the Two Means, as well in Disjuncl as 
in continued Proportion; according to Lemma 2. Page 77. 


For As 2: 2 K 4: : 6: N 4. Or As 3: 35 :: 6:6 ;. 
But 2X6X4=2X4X6, Or 3X6X5=3X5X6. 


Ihat is, the Product of the Extreams is Equal to that of the 
Aenns. 


A gain, 


| 
| 
| 
| 
' 


— — 
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Again, the Leſs the ſecond Term is, in reſpect to the Firſt ; the 
Leſs will the Fourth Term be, in reſpect to the Third, 
As in theſe 18: 6 :: 12: 4. 
That is, 18: 18 3: 12 2 12 = ;. 
But 18 X12 = 3 8 18 = 3X12, Viz. 18 4 X12. 
Conſequently 2.8 .6 . 24 And 18. 6. 12. 4. are 
true Proportionals, fer Corel. 2. Page 77. 


From theſe Confiderations, comes the Invention of finding a 
Fourth Number in Proportion to any Three given Numbers. 
beucb it's called the Rule of Three. 

For if the Second Number Multiplicd into the Third, be equal 
tothe Firſt Aſultiplied into the Fourth, it is caſie to conceive, 
that if the Preduct of the Second and Third be Divided by the 
Firſt, the Qnotient mult needs be the Fourth Nz/42ber. For if 
that Number which Divides another, be Multip/ied into the 
3 enges by that Diviſion; their Product will be 

8 | 


qual to the Number Divided. Sce Page 21. 


As in theſe 2 :B :: 6 ; 24. Here 8X6=45%=24X2. 
But if 24X2=4S. then will 48 ＋7 2=24. Or 48 = 24=2. 


Note, Any Four Numbers in Dirett Proportion may be varied 
feveral ways. As in theſe. ; 

Vie. If 2 : 8 :: 6: 24 Then 2:6::8: 24 

And 6: 24 :: 2: 8. Or 234: 6 :: 8: 2. &c. 


Theſe Variatics being ell underſtocd, vill be of no ſinal! 


eſe in the rrue ſtating of any Queſtion in this Rule of Three. 


When Three Numbers are given, and it is required to find a 
Fourth ha: 26h pus ; the preateſt Difficulty (it there be any} 
will be in the Right ſtating the Queſtion, or Abſtrafing the 
Numbers out of the Words in the 2ueſtion, and placing them 
down in their proper Order. 

Now this will be very caſie if it be truly conſidered, that 
always Two of the Three given Terms, are only ſuppoſed, and 
aſſign or limit the Ratio or Proportion. The Third moves the 
Lueſtion ; And the Fourth gives the Anfever. 

As for inſtance ; If 3 Yards of Cloth colt 9 Shillings: What 
will 6 Taras coſt at the Yame Rate or Proportion? 

Here 3 Yards, and 9 SHilliugs, are Two ſuppoſed Numbers 
that imply the Rate; as appcars"by the word [if], 7/2. if 3 
Yards colt 9 Shillings (then comes the Queſtion What will 
6 Yards coit ? | | 
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N. Z. The Term which moves the Queſtion hath generally 
ſome of theſe Words before it; viz. What will - How many? 
Mow long » Yow far ⸗ or, Hom much ? &c. 

Then (carefully obſerve this; vis.) The Firſt Term in the 
Suppoſition mult always be of the ſame kind and Denomination 
with that Term which moves the EIS And the Term 
ſought will always be of the ſame kind and Denomination with 
the Second Term in the Suppoſition. 


Tas. Shil. Tas. Shil. 
n A 0 ren Then 


All Queſtions in Direct Proportion may be Anſered by 
Three ſeveral 7 heorems. 


Multiply the Second and Third Terms together, 
Theorem 1. and Divide their Preduct by the Firſt Term; 
the Quotient will be the Anſwer required. 


Tards. Shil. Turds. Shil. 
Thus 3: 9: : 6: 18. The Ayſfiver. 


3 _— becauſe the Second 
3) 54 (18 Shillings, Term was Shillings 


Divide the Second Term by the, Firſt, then 
Theorem 2. Multiply the Quotient into the Third Term ;; 
and their Produtt will be the Anſwer requit'd. 


Yards. Shil. Yards. Shil. 
32 0:22 61 18. 
Thus 3) 9 (=3. Then 3X6 18, as before. 


Divide the Third Term by the Firſt, then 


Theorem 2. ) multiply that x qr into the Second Term, 
and their Produtt will be the Auſwer. 


Tards.Shil.Yards.Sh1l. 
3 2922 6 218. 
Thus ) 6 (22. And 9 X2 218. as before. 


Here you ſce that all the Three Theorems are Equally true; but 
the Eirſt is moſt General, and uſually practiſed. Yet the Two laſt 
may be readily performed when cither the Second or Third Term 
can be Divided by the Firſt ; And will be found of ſingular Uſe 
in the Rules of F2/lorvſhip, &c. as will appear further on. 


aq. 


. 


— 
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po Que. 2 If $ th of Tobacco coſt 14 Shillings 3 What will half 
a hundred Weight (vis. 56 Ib) coſt at the ſame Rate? 


Thus 8 B: 145. :: 56 1b : 47. 185. The Anfere 
14 


224 
56 


8) 784 (=98 5s.=47. 185. 
Or thus 8) 56 (=7. Then 14 x 7=98 5. as before. 


Oneft. 3. If 14 Sings will buy 8 ib of Tobacco; How much 
vill 44. 18 5. buy after the ſame Nate? 


Stated thus, 145. 8 ß :: 47. 18 f. 208 f.: 
Then 988 = 784. And 14) 784 (50 ib The Anſerer, 


112. 4. If half a hundred Weight of Tobacco be worth 4. 7. 
15 5. How much may I buy tor 14 ${:/imgs at that Rate? 

Stated thus, 47. 18 f. 298 S.: 56h :: 1458. : 

Then 56X14=7%z. And 98) 784 (8 b The Arferer. 


Oreft. 5. Suppoſe 47. 18 5. will buy 56 lb of es - What 
will Id of the ſame Tobacco colk? : 


This Preſton is thus Stated, 56 ff: 47. 18 5. 98 s. :: 8 5. 
Then 98x8=754. And 56) 784 (SiS. The Anferer. 


Note. The Three laſt Pr27707:5 are only the Second varied, 
being propoſed purely to give an Inilance how any & neſtion in 
this Rille of T hree may be varied, according to Page $6. 


Queſt. 6. What will 4 of a Y of Velvet colt, when the 


Price of 21 Tards and a half is worth 22 J. 10s. 64. This N 


Queſticu truly Stated will ſtand 
Thus, 21 1 Tas: 22 J. 105. 64. :: 1 To the Aynſtwer. 


Which may be found three ſeveral ways; viz. by Reduction; 5 


by Vulgar Factions; and by Deciatals. J 
1. By Redufior, Bring the Firſt and Third Terms into one 

Denommation ; vis. into Orartcrs, and Reduce the Second 

Term into its Leaſt Denominniion, fer Sel. 4. Page 42. 
Thus 212 286 O©varters. And 22 J. 195. 6 4.=5406 Pence. 
Then 86: 54: : 3: 155. 6424, For 5406X3=16218. 


$ * 


* 
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8 d. 24+ Fatthings ; the Anſwer required. 
2. The ſame Queſtion ſtared in Vulgar Fraftions will Rand 


Sy: 9.6.8 


1 — 3 © « ** . © bl * 
Thus 215=*+ : 227 45 :: 4: (See 6. 3. Page 59.) 
712 | 4312201971426 
Then 4 K #23. And 5) Te (Ai Page 55, 56. 
Theſe £345 Parts of a Pons arc brought into Sh1llings by 
Multiplying the Nrztcrato” with 20, and Dividi; 7 the Product 
by its Dcuctuiuatoy, &c. 
Thus 5406 x20=1c31:0% And 6880) 108120 2587 
And there Remains 4920. Again 4920Xi2==595.190, 
Then 6880) 59040 (8 4. and 1 Ec. as before. 
2. The ſame wrought by Decimal Fraftions will be thus; 
214 221, 22 J. 105. 6 d. 2, 525 and 5 —o,y 
Therefore 21,5 : 22,525 :: , 75; to the Anſerer. 
Then 22, 525 K, 7 516, 89375 
And 21,5) 16, 89375 (07857 J. 2155. 8 d. 2 far. 22 75 


Queſi. 7. If 2 C. 3 . 21 Th of Syſgar colt 67. 15. 8 d. 
what will 12 C. 2 qrs. coſt at the ſame Rate? 
Thatis 2 C. 3. 21 15: G,. 1. B.:: 12 C. 2 TP. To what 3 


l * 4 20 4 
Il JS. 121 5. 52 775. 
; 20 +53 20 
8 — — — —— 
88 250 1529 15 
: 42 121 
— — — a 
7 | VS, 28 +21=3291b 2 1460 d. :: 1400 iD „ 
: | Then 1460X1 4022044300, And 329) 2044508 (6212 34. 
> 2251. 175. 8.34. the Anſwer required. 
s II he ſame Queſizor Stated in Decimals, will ſtand 


Thus 2,9375: 6 0833 : : 12,5 : To the Aaſerer. 
Then 6,0833X12,52=76,04125 which being Divided b 
2,9375 will give 25,8863 Ec. the Anſrver in Deciiuals, which 
brought into Coin, will be 25 J. 15 s. 8 3 4. as before. 
NDote, When the Firſt Term is an Unit 0/7 1, 7c Queſtion 
35 Anſwered by Multiplication /. 


5» 


— Io 


 Þ£xample. Suppoſe I give 5 $/:i//:7:25 4 Pence for one O.;uce 
of Silver, what muſt I pay for 22 4 Cuces at the ſame Rate. 


£ 7 That is 13: 55. 44d. :: 32 3: To Ec. 
3 chich is beſt Stated thus 1: 64 :: 32 5 
d BY K N Then 


- 


99 
7 And 86) 162 18 (=1883>4, Then 18$4< Pence 15 s, 


** 


—ͤ— 


90 Arithmetick. Part I, 


Then 32,5X64=2080 A. 8 J. 155. 4 . the Anſver required. 
For 1 neither Multilies nor Divi dss. ; 
When the Second, or Third Tem is an Unit or 1 then the 
Oreſftion-is Anferered by Diviſion only. As in this Example. 
If a Hlver Tankard, weighing 21 Ornces, colt 5 J. 195. what's 
that an Ounce. 


Thus 21 0S : 5/7. 195.=1195 :: 1: 55. 84. To the Anſcwer. 
That is 21) 119 (25S. 21 2 55. 84. 


The Proof of all @reſtions in the Rule of Three Direct, may 
he eafily conceiv'd from what hath been already ſaid; vis. 
That the Product of the Firſt and Fourth Terms, mult always bc 
Equal to the Predntt of the Second and Third Terims. 

Or otherwiſe, by varying the Queſcion, as in the Second, 
Third, Fourth and Fifth @reſt:ons. 

I ſhall conclude this Section with inſerting a few Oueſticn 
and their Anfever's ; leaving their Work for the Learners Practice. 


Peſt. 1. What will the Carriage of 17 C. 3 Js. 111b com: 
to, at the Rate of 75. the Hundred. 


Anſwer, 61. 45. 1154. 
Queſt. 2. If 67. 45. 11 24. be paid for the Carriage of 17 C 
3 . 11 lb; What was paid for the Car 


riage of 1 1b. 


Anſwer 3 Farthings: 


Oreft. 3. A Erecer bought 3 C. 1 47. 14Tb eight of Clovis, 

at "Ke rate of 25. 44. per Th, and fold them for 527. 143 
Whether did he gain or loſe by the Bargain, and how much ? 
| An ſærer he gained 8 J. 125. 


A Draper bought of a Merchant Eight Packs 
of Cloth; every Pack had Four Parcels in it; And each Parcel 
contained Ten Pieces; Every Piece was Twenty fix Yargs; 
He gave after the rate of four Porngsfixteen MHilliugs for 6 Tard. 
What came the Eight Packs to, and what was it worth 


Queſt. g. 


Per Tara. 


Anfr. They came to 66 56 J. And is worth 16 5. per Tard. 


Drieſt. 5, A Merchant bought 436 Yards of Broad Clor/ for 
5. 64. per Yard. And fold it again for 105. 4 4. per Tar. 
What did he gain by the 436 Yards. 


Anſw. he gain'd 390. 195. 474. 


Au. 


— 


8 
» 


Dreſt. C. A Goldſimth bought a Wedge of Gold, which wwerghed 


14 i 30. 8 pr. for 5147. 45. What did he pay per Onnce. 


Anſee. 31. per Ounce. 
Queſt. 1. What ærill 48 oh. 17 Pert. 20 Grams of Silver Plate 


com to, at the Rate of 55. 64. per Onnce. 


Anſwv. 131. 85. 103 . 
Preſt. 8. If in Four Mees one ſpend 13 5. 44. How long 
will53/. 65. laſt at that Rate. | ; 
Anfee. 6 Years, 47 Days, 2 Hors, 24. 
Queſt. . That il the one eighth part of a Sp be worth ; 
when the halt is valued at 19154. 105. | 
Anſfw. 253 l. 175. 6 d. 
Oneſt. ro. The Sum is ſaid to perform one entire Revolution, 
(or Three Hundred and Sixty Degrees) in the ſpace of Three 
Hundred Sixty Five Days, Five Hours, Forty Eight Minutes, 


and Fifty Seven Seconds of Time, called a 7ropical or Solar 
Fear, How much doth it Move in one Day. 


Au ßer. 59 „ 19 &c. 
Queſt. 11. If J of a Yard of Velvet colt + of a Pound Sterling; 
what will zz of a Tard colt of the ſame Velvet, at that Rate. 
| Auſr. $55 =158. 44. 
Oreſt. 12. Suppoſe 2 4. and + of + of a Pound Sterling will 
buy 3 Tards and of +. of a Yard of Cloth; How much will 3 of 
a Tard colt at that Rate. 
Anſw. f of a Pound=g 5s. 4+ d. 


— 


Sect. 2 Of Retipꝛocal P2opo2tion 5 / y called the 
Rule of Three Inverſe. 


Reciprocal Proportion is, when of Four Numbers the Third 
(v2, that which moves the Queſtion) beareth the ſame Ratio 


to the Firſt ; As the Second does to the Fourth. 


Therefore, the Leſs the Third Term is, in reſpect to the Tirlt ; 


The greater will the Fourth Term be, in reſpect to the Second. 


Example 1. 


It Sixteen Men can do a piece of Work in Six Days 3 How 


many Days mult Eight Men require to do the ſame Work, at 
che ſame Rate of working. 


Here tis plain that Eight Men muſt needs have more 


5 Time than 10 Men to do the ſame Work, Conſequently tho 


N 2 gr Catep, 
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greater the Whird Ze is, in reſpect to the Firſt, the leſſer will 
the Fourth Terim be, in reſpect to the Second, 

Example 2. If & Men can do a piece of Work in 1: Days: 
how many Navs will 16 Men require to do the ſame Work. 
Here it is piain the F vurth Te mult be Leſs than the Sec nd, 
becauſe 16 Men undoubtediy can do the Tyme Work in leſs Time 
than 8 Men can. | 
From iheje Conſidrrations, wnpared with thoſe in Page 85. 
Tat: iil be enfie to perceive whether the Terms of any propoſed 

ueſtion 576 Direct er Reciprocal Proportion. 

For «cen 6ccernng ro the true Meaning or Deſien of any 
Queſtion 17 Proportion, Moꝛe Requires Poęe, vr Lets Requires 
Leſs, fo Terms a7 Direct Proportion, g 772 rhe laſt Section. 

But if Moꝛe Roquice Lels, cr Leſs Require Maꝛe (as above) 
hen the Terms ©7414 be in Reciprocal Proportion. 

The manner of placing down the Propoſed Terms is the ſame 
in both Rules, vig. The Firſt Term in the Suppcſition mult be 
of the ſame N ind and Oencheiuaſ ion with the 'Third Zorn which 
moves the ©7efizon ; and the Tem ſought mult be of the ſame 
Kind and Denomimaticn with the Second Terz in the Suppoſition. 
As in the two laſt Examples. | 


Men Days Aſen Days 
Ne In Example I,  S 7 US 8 : 0 
„ ins Example 2. VVV 


* 
Tube Queſtion being truly Stated, obſerve this Ti | 

| Ainitiply the Firſt aud Second Terms regether, 
Theorem. & 0d Divide their Produtl by the Third Term, the 

| Quotient wild be the Anſærer Required. 
Thus in the Second F'raizfle 12X8=95. 
Then 16) 95 (= Days the Anſwer . 

That is, 16 Men may do the ſame Work in 5 Days as 8 Men 
can do in 12 Days. 

Now the Reaſon of this Operation, (and conſequently of the 
There) is grounded upon this Conſideration; vis. If 8 Men 
Requirc 12 Days to do the Work, tis plain that one Man would 
Require 5 times 12 Days go Days to do the ſame Work, bu: 
if one Man can do it in 96 Days, molt certain 16 Men can do it 
in ono 16th part of that Time. Therefore 96 Divided by 16 will 
give the Anſwer Required, vis. 16) 96 (6 As before, Sc. 

Oneft. 3. Suppole 809 Soldiers were Beſieged in a Town, and 
their Victuals were compured to ſerve them Tuo Months (or 56 
Days) How many of thoſe Soldiers muſt depart the Gariſon, that 
the ſame Victuals may ſerve the remaining Soldiers 5 e : 

% | b G 


is * 0 
„ aug 
1 
£ 
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"The Que'tion truly Stated, will ſtand gil 
Ach Soldier Month Soldier. 
Thus, 4 2 : 880 33 5: —! 


-- 


5) 160 (329 So many Soldiers may flay in q 
the Garifon. | 

Conſequently, $02—320=489 Soldiers that muſt go out of | 
the Garifon, which is the Au required. | 
i 


Queſtion 4. A. Borrowed of his Friend Z. 250 7. for Six , 
Months promifing to do him the like Kindneſs upon Demand: L 
Some time after H. d.fires A. to Lend him 4004. the Queſtion 
is, how Long B. may keep the 400 /. to be fully ſatisficd for his 
former Kindneſs to A. 

Anſwer, 3 Months 21 Days. 
Thus, 2507. : 6 Months :: 400 J:. 
6 


405) 1500 (3 Months. 


12 


3 
28 Days in one Month, 


* 


4) 84 (21 Days. 


Queſticn 3. If a Penny White Loaf ought to weigh Eight 
Ounces 7703 Height, when Wheat is fold for Si Shillings Six 
Pence the Buſhel, what mult it weigh when Wheat is 1old for 
Four Shillinzs the Buſhel. 

Anſwer, 10 02 . 18 put. 8 gr. 


Thus 65. 64.=78 d.: 8 Org.: 45.=48 d. To the Auſwwer. 
8 


45) 624 (133 the Anſerer required. 
4 


The Proof of this Tverſe Rule is eaſily deduced from its 
Operations; ve. The Predutt of the Firſt and Second 2 15 | 
puult be equal to the Product of the Third and Fourth Terms. 


7 N 5 4 Ne Oe 6 


Aritymetick, Part I. 
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greater the Third Zeri is, in reſpact to the Firſt, the leſſer will 
the Fonrth erm be, in ref pact to the Second. 

F'rample 2. If 8 Men can do a picce of Work in 12 Days; 
how many Days will 16 Men require to do the ſame Wort. 
Here it is plain the Fourth Tem muſt be Leſs than the Second 
becauſe 16 Men urdoubtediy can do the ſme Work in leſs Time 
than 8 Men can. | 

[rom it Le ; C Conſid A 7075, C01 Pe rea Srith tho ſo 71 Page 85. 
ri b enfie to perceive whether the Terms of any propoſer 
Queſtion 57e Direct e Reciprocal Proportion. 

For hen bcccraing to the true Menning or Defien of any 
Queſtion 772 Proportion. Boze Requires Poęt, or Lels Requir: 
Leſs, fe Terms a7 772 Direct Proportion, &« 772 the laſt Section. 

But if Moꝛe Require Lels, cor Leſs Require Moꝛe (as above) | 
?Ten the "Terms ei be in Reciprocal Proportion. 

Ihe manner of placing down the Propoſed Terms is the ſume 
in both Rus, vig. The Firſt Term in the Sp pcfition muſt b. 
of the ſame Kind and Denchei nation with the Third Term which 
moves the ©7efizon ; and the Term ſought mult be of the ſame 
Kind and Dencnimaticn with the Second Tei in the Suppoſition, 
As in the two lait Examples. 


| Aen Days Men. Days 5 
MY i E 4 T. CTT 
was i T Erample 2. 8 2 12 2 11 ———— 


g The Queſtion being truly Stated, obſerve this TH 

| Alupiply the Firſt and Sceend Terms regether, 

Theotem. & 02d Divide their Produft by the Third Term, tl. 
| Quotient wilt be the Auſærer Required, 

Thus in the Second Example 12 x8=95. 

Then 16) 95 (s Days the Anſwer . 

That is, 16 Men may do the ſame Werk in 5 Days as 8 Mev 
can do in 12 Days. 

Now the Reaſon of this Operation, (and conſequently of th: 
Theor) is grounded upon this Conſideration; vv. If 8 Me: 
Requirc 12 Days to do the Work, *tis plain that one Man won 
Require 5 times 12 Days gi Days to do the ſame Work, bu 
if one Man can do it in 96 Days, molt certain 16 Men can do it 
in ons 16th part of that Time. Therefore 96 Divided by 16 Wl. 
give the Anſwer Required, vis. 16) 96 (6 As before, &c. 

Dueſt. 3. Suppole 809 Soldiers were Beſieged in a Town, and 
their Victuals were computed to ſerve them Two Months (or“ 
Days) How many ot thoſe Soldiers muſt depart the Gariſon, tha 
the ſame Victuals may ſerve the remaining Soldiers 5 Months. | 


2 


— 
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il] Ihe Que!tion truly Stated. will ſtand 


1 5 Neu Soldier Month Soldier. 

| ius 8 : 

To Ko 800 n 

R. Bos 

d, ; : 

ne 5) 16c0 (329 So many Soldiers may flay in 
; the Gariſon. 

FI Conſequently, $0-—320=450 Soldiers that muſt go out of 

ſcd the Gariſon, which is the Au required. 


1 Queſtion 4. A. Borrowed of his Friend Y. 250 7. for Six 

ri Months promiſing to do him the like Kindneſs upon Demand: 

Some time after F. dofires A. to Lend him 4007. the Queſtion 

de) is, how Long B. may keep the 400 J. to be fully ſatisficd for his 
former Kindneſs to A. 


RA Anſwer, 3 Months 21 Days. 
bo Thus, 2507. : 6 Months ;; 4004. 3: —— 
ich 6 
me i | 
1 400) 1500 (3 Months. 
| 12 
J b | — 
2 — a 
= 28 Days in one Month, 
| 4) 84 (21 Days. 
[01 2 | 
+47 > Queſtiens. If a Penny White Loaf ought to weigh Eight: 
'Ounces Zy Weight, when Wheat is fold for Six Shillings Six 
Pence the Buſhel, what muſt it weigh when Wheat is fold for 
Four Shillings the Buſhel. 
Nen Anſwer, 10 0% . 18 Pt. 8 gr. 
Thus 65. 64.=78 d.: 8 Os. : 45.=45 d. To the Auſwer. 
the 8 X 
aa ; 48) $24 (133 the Arſerer required. 
bu: e 
10 f ; 144 
wil - i | 144 
and (0 


jr 5s The Proof of this Iaverſe Rule is eaſily deduced from its 
that Operations; vg. The Produtt of the Firſt and Second Terms, 
i muſt be equal to the Product of the Third and Fourth Terms. , 
Tho ; Not Cy 
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vote. Any Queſtion that falls under this F:verſe Rule or 
Reciprocal Proportion, may be ſo Stated as to have its Terms in 
Direct Proportion; by only changing the Places of the Firlt 
and Third Terms in the Quleſtion. Thus, 


Oreſtion 6. If a Field will feed Eighteen Horſes for Seven 
Weeks, how long will it feed Forty Iwo Horſes at the ſame 
Rate of Feeding. 

Firſt, 18 Horſes : ) Wecks : : 42 Horſes : 3 Wecks. 

Here the Terms are ſtated Tnverſely, as before. 

Otherwiſe thus, 42 Horſes : ) Weeks : : 18 Horſes : 3 Weeks. 
Then 18 —126. And 126=42=; Weeks. The Anſver 
required. 


o 
* 


— 
— * a — — 


Set 3. Of Compound P2opoz2tfon ; commonly called the 
Double Rule of Three. 


Comporina Proportion (as 'tis here meant) is, when there arc 
Five Numbers given to find out a Sixth Proportional; and this 
is generally performed by a Double Poſition ; that is, by Stating 
and Working the Queltion at Two Operations, either in Direct, 
or Reciprocal Proportion, according as the Queſtion requires. 

And therefore it's called the Double Golden Rule; or Double 
Rule of Three. | 

The Double Rule Direct is, when the Sixth Term, or Number 
fought, is found by 'Two Operations, both of them in Direct 
Proportion. 

Example 1. If a Hundred Pounds gain Six Pounds Intereſt 
in Twelve Months; how much will Three Hundred Pounds gain 
in Nine Months; at the ſame rate, | 


Firſt col, 6 :: co,: 387. 
6 


The Intereſt of ;o. 
190) 1800 (18 /. for Twelve Months. 


Alonths Months 
Then, 12 1 18, 1 9 13 . 103 
9 
12) 162 (137. 105. The Azfever required. 
I ſuppoſe the Learner will eaſily conceive the Reaſon of theſe 
Two Operations. For, Firit it's plain by Direct Proportion, that 
1 100 J. gain 67. in Twelve Months, 300 J. will gain 18 J. in 
the ſame Time, and at the ſame Rate. 


. And 


: 


Le 
* 
's 
© 


ch 


5 
3 
Wy 
* 
* 


Chap. 7. Of Pꝛopoꝛti on, &c. 95 


And by the fame Rule 'tis plain, that if 12 Months will 
produce or give 18 J. Intereſt tor $207. then 9g Months mult nceds 
vive 134 for the ſame Sum, dig. 300 l. 

The Double Rule of Three Tzverſe is, when the Sixth Term 
or Number fought is found at Two Operations, (as before). But 
one of them Requires an Anſwer in Recrprocal Proportion, 


Dreſtion 2. If 6 Buſhels of Oats will ſerve 4 Horles 5 Days, 
how many Days will 21 Buſhels ſerve 16 Horſes, at the {ame 
Rate of Feeding ? 

This Queſtion being parted into Two Poſitions, the Firil will 
be thus : 4 

If 6 Buſhels of Oats will ſerve 4 Horſes $ Days, how many 
Days will 21 Buſhels ſerve them. 

Here *tis plain that 21 Buſhels will ſerve them Longer than 6 


Buſkels ; therefore the Firſt Poſition falls in Direct Propor:itc 
Thus, a * 5 > Brifh. Days 


E 21 2 28 


8 


6) 168 (28 Davs 
T hat is, if 6 Buſhels weill forue 4 Horſes 8 Days, 21 Brig: 
20:1] ſerve them 28 Days. , 


The next Poſiricz: mult be to find how Long the ſaid 21 Buſheis 
will ſerve 16 Horſes at the ſame Rate of Feeding : "Tis plain, 
that 21 Buſhels cannot ſerve 16 Horſes ſo many Days as they 
will ſerve 4 Horſes ; therefore this Second *Poſirien falls in 
Reciprocal Proportion. 

7 Horſes Days Horſes Days 
Thus, T6 -4-W 3 1 10 : 7 the Anſteer Required. 

After the like manner any Queſtion in the Double Rule of 
Three may be Anſwered by Tuo Single Poſitions, if Care be 
taken in Stating them Right, vis. Whether their Operations 
mult be performed by the Single Rule Direct, or Drucrſe. 


But all Queſtions in this Dozble Rule, where Five Numbers ' 


are Propoſed to find a Sixth, may more caſily and readily be 
Anſwered by one General Thoorem ; which compriſeth both the 
Lireet and [ »erſe Rules: without conſidering either of them, 

being Deduced from the Single Operaticus beforc- going. 
Eut firſt you mull carctully Note, that in all Drneftions of 
15 Natur? Three of the Five Propoſed Tris are always 
Cond:tional 


- — — — 4 — — 
— = | > 


2 — — — 
— LS — 
—— 
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Conditienal and Suppoſed ; And that the other Two moves the 
Queſtion. As for Inſtance in Example 1. 

Viz. If 1co07. will gain GU. in 12 Months: Theſe Three 
Terms are only A or Conditional. Then comes the 
Queſtion; What will 300 J. gain in 9 Months? Now, in order 
ro raiſe the Gencral Theorem, let us ſuppoſe, inſtead of Numbers, 
theſe Letters. 


P=100, The Principal. In the Suppoſition 
Vis. Let ö 7 = 12. The Time. c of any Propoſed 
G= 6. The Gain. Queſtion. 
1 5 =300. The Principal. Sa Three Teras 
na, 


t= 9. The Time. wherein the Que- 
2=13,5 The Gain. {tion lies. 

„ . . „ Gp. SF The Product of the Two Mears 
Ihen d +12 F = N Divided by the Firſt Extream. 
That is, 100: 6 :: 300: 300 K 6 Which is the 

0 5 Firſt part of the 


— 218. 
1009 


(Queſtion. 
3 Which is the 
Then 7: 1 28 5 5 Sg cond part of the 
Vis. 12: 18 :: 9: 13,5 Queſtion. 
p 


S That is, the Product of the Extreaims 
; N F is Equal to that of the Means. 
Conſequently, TgP—Gpr. Is the Theorem. 

This Theorem affords Two Reiles by which all Oreſtions in 
this Dor:vle Rule of Three, or rather of Five Mulis, may bc 
Reſolved ; due regard being had to the true placing down of the 
Propoſed Terms, which mutt be thus: 

Always place the Three Conditional Terms in this Order; Let 
that Number which is the Principal Cauſe t ain. Lols, or 
Aion, Sc. (vis. P.) be put in the Firſt Placa; That Number 


which denotes the Space of Time or Diltance of Place, &c. 


(viz. J.) be put in the Second Place. And that Number which 
15 the Gain. Loſs, or Adion, Sc. (vis. G.) be put in the Third 
Place. Now according to theſe Directions the Conditional 
Terms of the laſt Queſtion will ſtand thus; P. Z. G. 

That done, place the other TwO Terms which move the 
Queſtion, underneath thoſe of the ſame Name. 


Thus 0 ; 5s G. 


” i A 299/43 


* 


r 


ö 


5 
- 


1 both of Direct and Re eciprocas Proportion, let it be here propos'd 


5 [nn 
7 W Days will z 1 Buſhels ſerve 16 Hor ſs, Ec. 


tlie 2y will ſtand 


LE at.” = He LEI * 
4 - 


4 be found by the Second Raule. 


Chap. 7. Of Proportion, &c. 
Then if the Blank or Zerwm fought, fall under the Third Place, 
as in this Queſtion, 


. 


It will be 8 3 g. Which gives this Rule. 


Multipiy “Ve T reg laſt Terms Faget ler for a 
Dividend; s Nic 7 tie ti 0 7-1 15 it 2 uy or „ Diviſor, 
tie Quocicat ariſing 7. 22 then wilt be the Sixth 
Term. 


That is, in our Propoſed Example t. 
Thus 6X300X9=15200 The Dividend. 
And 100X12=12co The Didiſor. 
Then 1200) 16200 (137 The Anſwer. As before. 


But if the B/a;k or Term ſought fall under the Firſt Place, 
then | 


NA | N 


It will be _ == Pp 


Or if the Blank fall ds the Second Place, 
It will be 1 ———= t Either of theſe give this Raue. 


Multiply he Firſt, Second and Loft Terms togotber 
R ute 5 for a Dividend: 4nd the 0 Ef Deo EC; ge / her or # 
**)Diviſor ; He Quotient ariſing from rhe will l. 
th Term. 


And becauſe our Evample e 2. Falls under the Confideration 


. If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days; Huw 
If the Terius of this Dre ſtiou be placed dow n as before Directed 


Horſes Days Bruſvels 
Thus 4. 8. 6 Terms in the Suppyition. 
16 21 
Here the Blank falls under the Second Place, therefore it muſt 


Thus 4Xx$X21=672 the Dividend. 
And 16x6=96 the Diviſor. 
Then gs) 672 (75 the Auer as before. 


O Que ft. 


K 
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Breſt. z. What Principal or Stock will Gain 204. in 8 Months 
at 6 per Cent. per Aumilii. 
Prin. Tiine Gain 
ICo . 12. 6 Terms inthe Supfoſition. 
3 9820 | 
In this ©reſtion the Blank falls under the Firſt Place, theretore 
it mult be found by the Second Ralle. 
Thus 1c2X12X20==24000 the Dividend. 
And 8 * 6=4$ the Divi ſor. 
Then 48) 24000 (5col. the Auſever required. 


The Proof of all Aureftrons in this Double Rule of Five 
Niers, is beſt perform'd by varying the Qucſtion; viz. by 
itating it in another Order, as in the laſt Example: Thus, 

If 1:07. Gain 6. in 12 Months, what will 500 J. Gain in 8 
Alonths. 

The Auſerer to this Queſtion mult be 20 7. if the Work of the 
laſt Example be Truc. 

Prin. Time Gain 


Statcd thus 5 RE N *cchen ger Rule 1. 


5COX8 X6=24c00. And Icox12=1290 
Then 1200) 24cco (20. the Auſtver, &c. 


£neſt. 4. It Two Men can do 12 Rods of Ditching in 6 Days, 
Hoe iaany Rods may be done by 8 Men in 24 Days, at the 
ſame Rate of working. 


Anſwc. 192 Rods. 


Oreſt. 5. If the Carriage of 5 C. 3 qr. Weight, 150 Mites ; 

colt 3/4. 75. 47. What muſt be paid for the Carriage of 7 C 

weight, 64 Miles; at the ſame Rate. 

| Anfr. 11. 185. ) 40. 
Queſt. 5. If $ Men deſerve 2. wages for 5 days work, Hou 

iich will 52 Men deſerve tor 24 days; at the ſame Rate. 


Anfew. 381. $5. 


Siet. Y. Suppole a Hundred Pounds would defray the 
Expences of Five Men for 'I'wenty Two Weeks and Six Days. 
Hoxe long would "Twelve Men be in ſpending of one Hundred 
and Tſiy Pounds, and at the ſame Rate. 

Anſw. 14 Weeks and 2 Days. 


© OR . CHAP, 
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C H A P. VIII. 


Of Trading in Com any; uſually called the Rule of Fellowſhip ; 
Alſo Bartering, aud Exchanging o/ Coins, &c. 


THE Rule of Fellowſhip is that by which the Accompts of 

ſ{overal Partners Trading in a Company, are ſo adjuſted or 
made up, that cvery Partner may have his juſt part of the Gain, 
or ſu{lain his juſt part of the Zoſs; according to his proportion or 
ſhare of Money he hath in the Joint-Stock : Now this falls under 
To Confidcrations, called the Single and Double Rules of 
Felioweſnp. ; 


SeQ. 1. The Dingle Rule of Fcllowſhſp ; viz. That 


ai thout Time. 


By the Siugle Rule of Felloreſpip is adjuſted the Accompts of 
thoſe Partners that put all their ſeveral and perhaps different 
Sums of Money, into a common Stock at one and the ſame 


time; and therefore it's uſually call'd the Rule of Fellowſhip 


without Time: Now all Oueſtions of this Nature are Anſwered 
by ſo many ſeveral Operations in the Rule of Three Direct, as 
there are Partners in the Stock. 

For; As the Total Sum of Money inthe Stock is in Proportion 
70 the <eÞole Gain or Loſs ; So is every Man's particular part 


that Stock; To his particular ſhare of that Gain, or Loſs. 


* 

be 

4 

- 

4 
1 
» => 


Qꝛeſt. 1. There are Three Partners, Suppoſe A, B, and C, 
make a Joint-Stock of 96 J. in this manner. 

A, puts in 24/. B, puts in 32 J. and C, puts in 40 J. with 
this 96 /. they Trade and Gain 12 J. Tis required to find each 
Man's true Part of that Gain. 

The firſt Operation for A's Part of the Gain will ſtand 

Thus 967: 122: : 241: 3 J. As Gain. 

Secondly 96 1: 121: : 324 : 41. 's Part of the Gain. 
Again 96 1: 121: : gol : 51. = C's Part of the Gain. 
Proof $3 1+4 /+51=1: the whole Gain. ; 

That is, if the Sum of each Man's particular Gain, Amount 
ro the whole Gain, the Work is true; if not, ſoine Error ts 
committed which muſt be found out. 

Note. Theſe Operations will be very much abbreviated, it 
you work them by Theorem 2. Page 87. For here 96 is a common 
Anrecedent, and 12 is the Common Conſequent in all the Thres 
Proportions, | | 
od. re O 3 There. 


— 
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Therefore 96: 12 : I : 0,125 is a common AMnulnplicator. 


Then 24 X©,125==37. for 4's Part 
And 2 X ©,125=4 7 for B's Part © As beſore. 
Again 40 * 0,12 5 254. for C's Part 


Jew this Method is more readily perfarm'd than the other, 
1 Wesen wh 3) the dae ai * ian) 2 becauſe , GNC Single 
277 7 7071 ler LC 5 lor Qs II the Verk. 


QOurh. 2. Three 1: Vereh, zus, A, P, and C, Freight a Ship 
with 248 Tien of Niue: thus, A Loaded g8. Try, 2 8 86 Tun, 
«nd C 64 Ti. By Fxiremi ty of Weather the Seamen were 

err d t call vt dug 92 Zu of it over-board. Hort in¹⁰,juñ of 
this Loſs muſt cach I: haet ſullain. 


] . — ©,5875 tho CO YmNMmOon Multiplier. 
hen CS x 2577 * — 5 5 1751 r A's Loss | 
2. 


4 „ : 5 for 7 5 Loſs. 
Again 64 & C, 37 2 2 245 r C's Loſs. 


„ C 7 % * . 
red 93 = the whole Loſs. 


Tos if the Suti r were to find Hor 7377:ch of the Remaining 
Vine that was faved, belongs to A, to B, and to C. 

Then «&—56,75=61,25 belongs to A. 

And 86— 32, 24=93 3975 bel longs to 5. 

And 64—24, =49 belongs to C. 

That is, A cugbt to have 61 Tun and 65 Calleus. B ought 


to have 53 Za in] 189 Galicns. And C oughit to have 40 Tun 
of what was Left. 


Pricfl, 2. Su; Ppole fix Men, vi. % , C, D, E, and F, 


J. I. Dei mali. 
A puts in 654 © 10 == 654,5 
72 — == $43 . 15 faz, 
Thus 2 40 c = 480, 
72 254. 10 2254, 
2 — 365 05 2 365,25 


A680. Co 00 


— ä — 8 n 


The who!e Stock 2558 . comz558,co, according to the 


O& A * . / 
With 


1 
+ 
1 
= 
8 
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With this Stock of 2558 2, racy Trace Eighteen 1772775, and 
Gain $317. 78. "Tis required to find every Man's Part or Share 
of that Gain. 

Note, Alt ho“ the time of Treaing, vit. Eighteri Menths be 
menticnd in th; Queition 3 yer it's 10 ray concerned i 
anfeering of it ; as you may obſerve by the following Mork. 

Firſt, 2558 J. : $31,35/.-::-14. : c,225 Decimal Parts; 

Conſequently,” 1 I. 0% % 654,52 ,2t2,7145- That is, 

5 


2212, 712 


A's Stock 654,5 X, 325 for A. 
B's Stuck 542,5 0, 325 28176, 71875 for B. 
C's Stock 480, X0,325=156,cco for C 


D's Stock 254,5 X2,325=$2,9125 for D. 
Fs Stock 5$65,25X9,:25==118,70625 for . 
Fs Stock 260, X0,325= 84, for F. 
„. . . 

A Gains 212, 7125 2212. 14. 03 

2 176, 71875 22176 14. 04 

. C 156, 000 =156 . OO. . 00 


2 — 118, 70625 22118. 14 . 01 7 
F $4,5 = 4 10 00 
Proc f. Sum 831,35 2831 . 0%. co te Gain. 


| have omitted reſolving this Queſtion according to the uſual 
Method (as before directed) of finding every Man's particular 
part of the Gain by the Golden Rule, as in the Firſt Work of 
Example 1. Leaving that for the Learner's Practice. 


— — 


* * — 


Sect. 2. The Double Rule of Fellowfhip ; at avith Time, 


This is uſually called the Double Rule of Fellowſhip, becauſe 
every particular Man's Money is to be conſidered with relation 
ro the time of its Continuance in the Joint-Stock. 


Quieſtion 1. A and join in Partnerſhip upon theſe Terms 
212. A agrecs to lay down 100 4. and to imploy it in Trade 3 
Alonths : Then ÞB is to lay down his 100 7. and with the whole 
Stock of 209 J. they are to Trade 3 Months more. Now at the 
End of that Time, they find their whole Gain to be 21 J. 
is required to know what each Man's part of the Gain ought to 
be, according to his Stock, and the time oi imploying it. 


Herg 


14 + ale. o ro 
- a * - — 
— » * 
4 — — OE ot. Cs 
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Here it is but reaſonable to conclude, that A. ought to Gain 
more than H. notwithſtanding their Stocks of Money are Equal; 
becauſe A. imploy'd his Money a Longer Time than B. 

Now for Solving of this Oueſtion, Let us ſuppoſe As 195 /. 
imployed the firſt 3 Ac;zrhs to Gain Z=a Sum as yet unknown ; 
then it mult Gain 2Z, in 6 Months; and to find what F. mult 
Gain it will be, 0 


J. Months 


100 2 Gan 
1608 8 To P Gain Ver Rutle I. Page 97. 


2 
Ergo = an 
IOO X 6 

But A's Gain Added to B's Gain muſt—217. the whole Gain 

by the Queſtion. ; 
Therefore 22 + =2 L 
IOO X 

That is, 100 * 6 X2Z ＋ ico Xx 3 X 22 21 X ION G. 

Which contracted is, 900 X 2Z = 21 X 600. 
21 X 600 

900 


102 


Conſequently, 2Z = which gives the following 


Avnlogy. 

Viz. 900: 21: : 6c0 : 2Z=147. for A's Gain. 

And 9co : 21 :: 190X3=300 : 7. for B's Gain. 

Now this way of Arguing hath not only Reſolyed the preſent 
Queſtion; but it alſo affords (and Demontrares) a General Rule 
for Reſolving all Queſtious of this Nature, be the Partners never 

many, 


Multi ly every particular Man's Stock, with the Time 
| it is employed ; then it will be, As the Sum of all 
Rule. thoſe Preducis; Is to the -xhole Gain (or Loſs). So 
is every one of thoſe Products; Ts its profortionat 

fart of that whole Gain (or Loſs). 


? Oreſtion 2. Three Merchants A. J. and C. enter into Partner- 
Atip thus 3 A. puts into the Stock 65/7. for 8 Months; B. puts 
in 757. for 12 Months; and C. puts in 84. for 65 Months. 
With theſe they Z7affick, and Gain 166 J. 12s. *Tis required to 
find cach Man's Share of the Gain, Proportionable to his Stock 


and Lime of employing it. 


I. 14's 


Chap. 8. Rule of Fellowſhip, &c. 103 
1. A's Stock 651. x 8 Months, the time it was imployed= 520 
2. B's Stock 78. X 12 Months, the time it was imployed=y36 
C's Stock 544. x Months, the time it was imployed og 
The Sum of thoſe Products is, 1960 


Then, according to the Rule, the ſeveral Proportions will 
and thus, 


1960.2 166,6: : 520: 44,2 =447. 45.04, for A. 
1960 : 166,6 :: 936 : 79,56=79/. 118.27. for B. 
1960 : 166,6 :: 504 : 42, 84242 J. 16s. 94. for C. 


The whole Gain=166 J. 12 5. 04. * 
Or you may work as in ſome of the former Examples, vis. by 
finding the proportional part of the Gain due to one Pound, Cc. 
Thus 1960 : 1666 :: 1 : 0,085 the common Multiplier. 


Then 520X0,085=44,2 for A. 

And 950 N, 8 52879, 56 for B.p Ec. As before. 

Alſo 54ND, 8 5 42,84 for C. 

Queſtion 3. Six Merchants, viz. A. B. C. D. E. and F. enter 
into Partnerſhip, and compoſe a Joint- Stock in this manner; 
255 


A 
ho 


A puts in 64 --10 4 2 
2 78 1 45 
„ JC 100 . 00 4 | 
Viz. T) 3 for * Months 
E 74 . I2 91 
F i125; Is 7 


They Trafick, and Gain 258 J. 18 8. 44 4. "Tis required to 
find every Man's Share of the Gain, according to his Stock and 
Zime it was imployed. 

The ſeveral Stocks of Money, and their Reſpective Times 
being Firſt brought into Decimals, and then Multiplied together 
will produce theſe following Products. 

J. Months. 

A's Stock 64, 5 X4,5 the time it æras imloycu Sn, 2 

B's Stock 78,75X6, rhe time it ⁊cas tmployed=472,5 

C's Stock 100, X8,25 the time it «eas iin played 825,0 

D's Stock 80, x12, rhe time it was ttmployed=966,5 

Eis Stock 74,5X 9,5 the time it 2s imployed=708,7 

Fs Stock 125,75X7, rhe time it 0s imployed=S8c,z 5 


—— — — 


The Sim of thoſe Produfts=41 42,7 
0 
Then 


Arit! unt ick. 


5 658 if you work by the common Way ; it will be 
4142, : 258,91875 :: 290,25 : 18 140625 =184. 25. 9 54 
tor "Þ s part of the Gain ; And ſo on tor the reſt. 

But it you Work by the caſieſt w ay, viz. by finding the 
| proportional part of the Gain duc to one Pound. 

Thus 4142, : 25$,91875 :: 1: 0,0625 
1 
Then 290, 5,52 518, 1402 58. 2.95% for A 
And 472,5 N, 862 12829, 53125 29 . 10.74 for 2 
825, X, 625 251,5625 251. 11. 3 for C 
c 


976, N00, 625 260537 =60 <5. - tor D 
708.7 N0,5625= =44, 2937 44 = 5 C). {or E 4 
8Ro,25K0,06252255,015625=55 - . 34 for F 

The whole Gainz=258 . 18. 45 I 


Theſe few Z:xamples being well underſtood, are ſuſficient to 
nc the Whole Buſineſs of Fellow hip, Ec. 


— 


Sect. 3. Of Fartering. 


When Afcrch27ts, or Tradeſmen, Exchange one Commodity 
ior anoracy, it's called Harteriug.; and the only difficulty in this 
wav or De⸗ ling, Lies in the due proportioning the Commodities 


1 R 
to be Exchange d; So, as mal neither Party ſultain Lots. rt 
Queſts 977 1. Tn * Bone) ns 5 A. and . Narter; A. would 
. Kl ange 5 C. 3 ® Ts ith 0 Oz * Pep Per, V ich i 18 ach 31. 101 


por C. with B. for Cortes worth 12 4. fer Ib weight. How much 
(en muſt B. give to A. for bis Pep Eper. 

Note, Is order to the Refs loving of this Queſtion, (and all 
ot 17 Queltions of this Nature) you ont Fir A fin. z, by the ND 
of Three, (o erVife) tr e true Value of tint Cor: inodity cbe 
Quantity is greens, (wrench in this Queſtion is Pepper.) 2 
then find 6 much 67 the other Commedity tilt 4: art to that 
S472, at the Rate pr poſed. 

Firſt 5 C. 3 475. 14 [B= 5, 875 3 
And 3. 15 * ö in Decimals. 

Then i + 3,5 :: 3,875: 20, 52 5 2 J. 11 5. 3 d. the true 
value of the Feger. 

Next, it's eaſie to conceive, that A. ought to have as much 
2 at 10 d. Fer th. as will Amount to 20. 115. 34, which 

may be thus tound ; 9 5 

10 4.: 1th i; 20 J. 115.“ z d. 24235 d.: 493, J Ib. 
That 
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That is, 4 C. 147.17 4 1b of Cosi on. And ſo much mulſt give 
to A in exchange for his 5 C. 3 978. 14 lb of Pepper. 5 
Oncftion 2. Iwo Merchants A. and B. Partei thus, A. hath 
SA Tards of Broad Cloth worth 95. 2 f. per Tard, ready Money 3 
but in Parter he will have 11 S. per Tard. 2. hath SHalloon 
worth 25. 14. fer Jurd ready Money; "Is required to find 
ow many Tura of the Sh7/{row B. muſt give to A. for his 
(lach, ro make his gain in the Banter Equal to that of 4's. 
Thc Method of refolving this, and the like Queſtions, Differs 
a little from the laſt Cate ; for in this you muit Firſt find what 
Advance 2B. ouglit to make er Tard upon his Halloon, in 
proportion to what A. hath done upon a 79rd of his Cloth. 
Thus 1 „ £6 . 


9. 222110 1 11 132 : 2. 1 25 1. 6230 


tie Advanced Price for a Tara of Z's allg. Ihen proceed 
as before in the laſt /vample. 

Thus 1 Tard: 115. :: 86 Tards : 946 C. 2 47 J. 65. the 
Advanced value of all the Cloth. 

Next, If 2s. 64. will buy one Tard of SHalloon, at its 
Advanced Price, how many Yards will 474. 65. buy. 

Thus 2,5 : 1 :: 946 : 378,4 Taras. 

That is, B. mult give 378 2 Taids of his Shailcon: to A. for 
his 86 Tu, of Bread Cloth. 

Thee 'I'wo Firamples are ſufficient to ſhew the Learner, that 
tle Method of Fartering, or Exchanging Commodities for 
Commedities, wholly depends _ a clear Underitanding of 
the Golden Rule ; which indecd is ſo called, becauſe ot its 
Tmvrrial Ulc. 


— 


Sect. a. Of Exchanging Coins. 


Exchanging the*Co7775 of one Country for thoſe of another is 
like the buſineſs of Parrtering Commodities. "That is, it conſiſts 
in finding what Sum of another Corr yCorr well be Equal in value 
| 10 any propoſed Sum of another Corrm7ry C And in order to 
' pertorm that, it will be very Neceſſary to have a True Account 

«at all times of the juſt values of thoſe Foreign Coirms which are 
to be Exchanged, as they are compared in value with our Z77g/:/ 
; C0137. 

i ſay, at all times, becauſe the Par of Erchange (as the 
Merchants call it) Differs almolt every Day from London to 


other Countries. That is, it Riſes and Falls, according as 
* lcncy is Plenty or Scarce; or according to the time allowed for 


7 bayment of the M in Exchange, &c. 
7 Þ Thoſe 


: — —ů — 


= 
©... 
a 
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Arithmerick. 


Part 1. 


Thoſe that deiire to be fully ſatisfied in the Common Values 
of Forcign Coins, Weights, Meaſures, &c. may find them in a 
Pook called the Merchants Map of Commerce, which for brevity's 
ſake I have omitted Trauſcribing, and only collected theſe Few 


of Coin. i 
Joxiga Coins. , Erglith Coin- 
* 5. a, 
MK rench Coins. A = oO + Q 5 O 5 
b 12 Deniers=1 Souls=9 . O. 05% 
20 Souls l Livre [Oo. I. 6 
3 Livres Crown=|o .4 + 6 
Law-Conntry Coin. A Siver Oo. 0 I 2 
6 Stivers=1 Flemiſh Shilling ][ o. 00. 5 + 
20 Hider l Gilder SI O. 2. © 
10 Gilder S331 Slings) [1 1 
or a TIciiſb Pound + 
Junblem Doller =[o.2.3 3 
Campen Diller O2. 7 + 
A Zealand Doller Oo. 3. 0 
Jrons Doller ]. 4. o 
Specte Deller O. 5. 0 
„ ee „ 7 
ix Doller ot the Empire] o. 4. 5 4 
Sermany. J A Gilder of Norenberam 0.74 
2 The Livre at Legloru mo. 0. 9 
Florence Crown Corrrant=io . 5. 3 
Venice Ducat de Banco=;o . 4. 4 
The Currant Ducat=!o . 3. 4 
In Italy The Naęle Ducatg O. 5 . 0 
and 4 The Cadis Ducato. 5 6 4 
Spain. The Barcelcma Ducat S e. 6. 0 
The Falentia Ducat m O. 5 . 3 
The Bergonia Ducat - O. 4. 4 
The Portigal Yeſtcou= O. I. 3 
1 The Piece of Eight. O. 4. 6 


Note, The Enugliſb general! 


, ., = 
y Reckon their Exchange with © ? 


other Countries by Pence, 272. other Cormtries value their 


Crowns, Dollers, or Ducats, &c. by Engliſh Pence. 


Except 


with ſome Parts of the Zow-Cormrries, with whom the Exchange | | n 


is in Pounds Sterling. 


zeſt. 1. How many Doller's 
1478 100 162 /. 185. f 


at 45 6 f. per Doller, may one 
Anſwer 124 Deller. 


Thus 


— — — — — —— — — — 
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Thus 162 J. 18 5.32 58 5s. and 4 5. 6 Meg, 5 5. 
Then 4,5 : 1 :: 3258 : 724 the Anſrer. 


Queſt. 2. How many Saragoſa Ducats of 5s. 64. the Duca: 
may bo had for 275 Sergoma Diucats, at 45. 4 f. the picce. 
Anſwer 216 and 3 5. 8 d. over 
Thus 5 s. 64.=66 d. and 45. 4 4.=52 d. 
Then 27552214300 d4.=275 Drcats. 
Conſequently 66) 14300 (216 the Anſeen requir'd. 


Qneſt. z. A Traveller would change 2337. 16s. 8 4. Sterling 
Money; tor Venice Ducats at 45. 9 4 d. per Ducat. How many 
Ducats muſt he have. 

Anſeeer 976 Ducats. 

Thus 4s. 94 1. 257, 5 4. and 2337. 16 5. 8 4.=561207. 

Then 57,54.) 561204. (976 the Anſwer required. 


Lreſt. 4. A Cofhier hath Received 359 Dncats, at 75.67. 
per Ducat; And 579 Dollers at 45. 84. per Ycller: Which he 
would Exchange for 1/e27fp Marks at 145. 3 d. per Piece. How 
many ought he to have. 

Anſwer 589 Marks, and 15 d. over. 

For 75s. 64.=904. and 45. 8 4.56 d. 

Th 759X 90 68310 4. the Value of the Ducats, 

” 579 X 56 324244. the Value of the Dollers, 


their Sum = 100734 4. 
And 145. 3 4.=1711 4. the Flemiſh Alark in pence. 
Conſequently 171) 100734 (589 Ec. the Anſwer required. 


Queſt. 5. A Bill of N was accepted at London for the 
payment of 400 J. Sterling, for the like value delivered in 
-Tſterdam, at 1 I. 135. 64. for 1/7. Ster/izg. How much 
Money was delivered at Amſterdam. | 

| Anſwer 6791. Flemiſh, 


For 1/,=2404. and 17. 13 5. 6 4.=4202 7. 
Ihen 240: 402: : 400: 670 The Anſwer required, 


Queſt. 6. When the Exchange from Antzverp to London is at 
r/. 45. 74. Flemiſh, for 11. Sterling : How many Pounds 


'- Sterling muſt be paid at London; to ballance 236 J. Femſh at 
| Antwerp. 


Anſwer 192 l. Sterling, 
Thus 17.45. ) d. 295 d. and 1 J. 240 4. 
Then 295: 240 :: 236: 192. The Anſever. 


R 


—— — — — 


N 
b 
1 


8 
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| Außer 11. 45. 6 d. 
Thus 120: 147 :: 240 f.: 294 d. ＋ I. 45.64. &c. 


Oreft. 8. K Fat or hath {old Gcods at Cad 12 for 1478 pieces 
of Eight; va! i at 45. 6 + d. Jerlius & per piece. How wich 
FIC: ling N Mc ncy do thoſe pieces of Eight amount to. 

An ſirer 333 l. . 2 l. 

Thus, if 1=54,5 J. then 1468 N54, 58 ο d. Cc. 


Dueſt. 9. A Traveller, would have an equal, Nun ber of Crowns 

. z d Fd * 
at 57. 64. per Croru And Dollers at 45. 5 4. fer Picce ; Hew 
1ii51;3 of each ſort may he have for 309 J. 85. 
An ſer. 624 of cach. 
Thus op 85. =74256 d. 
Ard 5. A. E45. r 119 J. 

Then 119) 74256 (624. the e required. 


1 


Orieff. I'O. Suppole 1 von vi Fx change 52 5 17 6 J. for 
Doiters at 45. 64. apiece, Ducets at 5s. 8 d. a piece, and 


| Crowns at 65. 1.4. a piece. Ard would have 2 otter for 

5 . F177 

q ... 1 Dacat, and 3 Delle for 2 Crowns, DW wan of cach ſort 

| mull 1 have. 

| Anſer. 927 Doller 4 46 53 De ats, and 618 CONS. 
0 54 A. 21 Holler. 

q | For 4 68 5 w_ Luce per Drieſizon. 

| C 1:4 =1 Crown, 

| And 126690 A. 25271. 174 6 7. 

| 0 

| Now is ihe Crore, allen, and Ducats were to be equal in 

| Ninzber 5 Then *3-75: a+68 mult have been the Die ier, by 


which 126 59% malt hare been Divided, and the £ otic: 7 would 
| have been the Anfrrer to the Sileſticn. As in the Talk Exg, 5 
0 2 2 | ok 
| But here ines © their n, ae: Parts. of them mut b 


ö taken as are atiigacd or limited by tl ne Lreſiion ; that io ric 
| Number of ſome one of them may be 7a 


| 2 Dollers for 1. Diicat, and 
Ard becauſe there mult be 8 


S en, 


| Therciore it "will be but + of a Ducat for one Dc. 
and ; of a Crown for one Doller. 


Cong : 
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Conſequently, JAT: ref 73=136; Or *,* will be 
the Diver to find the Nullen of Loiicrs. 

Thus % 126690 (927 the Number of Dolle. 

Then £ of 927 46A is the Nin ber of Dicats. 

And g of 927 18 is the Nxiuber of Crowns. 


Or if you pleaſe you may form Diviſos to find either the 
PT cats or Crowns firſt: For it it be 2 De/lers tor 1 Ducat, and 
3 Dollers for 2 Crowns, as before; 

Then will 6 Dollers be for 3 Lorrcats, and 6 Dolle for 4 


Crows. p 
of a Doller . A 
Therefore, 4 5 wil be for 1 Crown. 
c £ 


Conſequently, + of. 54 : + 3 of 68 : -- 73=225 will be the 
Diviſer to ſind the Crowns firit, Ec. 


4, tv. 


Deſt. 11. A Caſhier is to Receive 5297. He is offered 
Crewns at 55S. 1 l. per Crown, which are worth but 6s. Or he 
may have Dollers at 4s. 5 d. the piece, which are worth but 4 5s. 
4a 4. Which of theſe ſhall he receive to have the leaſt Loſs ? 
And how nnch will he loſe in the Payment? 

. 5 I CY020i2=72 d. 5 


; f * 
according to tho tue Values. 
1 Doller 52 d. 1 


2 4 of nom 1 4 the advanced Values. 

Now to find which will be the leaſt Loſs; find what the 
advanced Value of a Daller ought to be in proportion to that of 
1 Coen. | 

Thus 72: 73,5 :: 52: 53,22 &. But he may have Dollers 
at 52. fon piece, theretore the Payment in Leulers will be the 
icalt Loſs ; 72. 53 is leſs than 52,22. &c. 

Next, to find what the whole Loſs will be, Divide 120000 7. 
= $2527. by 52. and by 53. The Difference of their Quorients 
vill be the Lofs. 

Thus 52) raccoo (2327 


od 
Fart I 7-39 
Then 2507 2264 


And 53) 120000 (2264 . 
2307. =4?s;+ Dollers at 45. 44. is the 
105 „ eee. T3; 4. | 
There are other ways of anſwering the laſt Dneſtion, but this 
{ takc to be the caſieſt. 


Deſt. 12. Suppoſe I exchange 4 J. 10 5. 19 4. for 11 Crowns 
and 3 Oallers; And at ancther time 1 have 4 Crowns and 3 


Dollers 


0 
* 

5 
. 


—— 
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10 Arithmetick. Part l. 
Dellers for 1 7 155. each being of the ſame Value with the 
firſt. What is the Value of a Crow, and of a Doller ? 
Firſt 11 Crowns-+7 Doltlers=1c90 d. 8 
Sccond 2 Crotrrys ; Doller = 420 d. 5 by the Queſtion, 
Then in order to find the Value of 1 Crown, you mult caſt off 
the Dollers by making them of the ſame Neben; Thus, 


33 Crowns -+ 21 Dyllers = 32704. the firſt Multi pl. with z. 
28 Crowns + 21 Hellers = 29424. the ſecond Aſulti fl. with y. 


Ihen 5 Crowns:= 330 d. heing their Difference. 
Conſequently 5) 330 (66 S 55. 6 d. is the Value of 1 Crown. 
And 4 Crowns = 264 d. 

Then will 3 Dollers = 4204. —264 d. 2156 7. 
Conicquently 3) 156 (524. = 45. 44. the Valuc of 1 Doller. 


—— —„ 
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CHAP. IX. 
Of Alligation. 


WIEN it is required to mix ſeveral ſorts of Ingredients 

together; As different forts of Corn, Mines, Moll, Spices, 
or Actais ; or to compoſe Medicines, &c. the Method ot. 
proportioning ſuch Mixtures, is called the Rye of Alligation. 
And is Divided into two Parts or Branches; called Medial and 
Alternate. 


Scct. 1. Of Alligation Pedtal. 


Alligatien Xenia, is that by which the Mean Rate or Price 
of any Mixture is found, when the particular Quantities of the 
Mixtures and their Rates are given: And is thus ks ra 

Firſt find the Supmp̃ of all the Quantities propoſed to be mix'd ; 
And alſo the $:772 of all their particular Ratcs. X 


Then the Proportion will be. 
As the Sum of all the Quantities: Ti to the Sum of 
Rule all their Rates :: $073 any part of the Mixture : 
To the Mean Rate or Price of that part, 


Oueſt. 1. 1 24 15 Buſhels of ] beat at 5 s. the wh ark 
ang. year 35. 64, the Pufhel, were mix'd together ; 
What 


nd 12 Zrſvcls 0 


— — 
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Whar is the Mean Rate or Price, it may be fold for a HBulſpel, 
without Loſs or Gain. 


This Qucſtion prepared as Directed above will ſtandl. 
Th , 15 Buſpels of I heat at 5 5. per Buſpel, contes to 900 A. 
us 2 12 Brſhels of Rye at 3 5. 64. each, comes tv 524 4. 


— — 


27 = their Sum. And their Total Value = 1424 d. 


Then 27 Hei: 14044. :; 1 Biel: 524.=4 5. 4 d. the 
Anſwer required, 


Qneſt. 2. A Grocer Mixeth 36 Ib of Tobacco, worth rs. 64. 
a Pound, with 12 ib of another ſort at 25. ab. And 12 th of 
a third fort at 15. 10 4. the Pound. How may he fell the 
Alixture per Pond? 
ib 8 


46,0 23-6 5 648 d. 
Fig 12 t 2: ob her Ib Amounts to 288 4. 
nr { 2544. 


692 == the Number of Ibs. their Value = 1 2c0 4. 


Then 62 bB: 1200 J.:: iIb ; 20 f. 15. 8 d. the Au fever 
required. 


— 3. A Vinter Mixeth 31 4 Gallous of Malaga Sxck 
worth 7s. 6 4. the Gallon; with 18 Gallons of Canary at 65. 
9 d. the Gallon; 13 Gallons of Sherry at 55. the Gallon ; 
And 27 Gallons of White Wine at 45. z d. the Gallen. "Tis 
required to find what one Gallon of this Mixture is worth. 


. Pence. 
EH OW | 2835 
Firſt, 5 _ x 0 : a fer Gallon comes to ö 3 
$3--:- 4 137 


92= the Number of Gal. Their Value =: 6480 


Then 90: 6480 :: 1: 524. 2 6. the Rate or Price of 
one Gallou, as was required. 


The Proof of all Operations in theſe ſort of Miaties, is done 
by comparing the Value of all the Mixture, being ſold at the 
Mean Rate ; with the Total Value of all the particular (Quanti- 
ties, ſuppoſing they had been ſold at their reſpective Rates 
unmix'd ; it thoſe Sys arc equal the Work is true. 


Sec. 


— 


— * — 2 — - — — 2 — ——— of — we. os — E 
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Scct. 2. Of Alligation Alternate. 


Alligation Hiternate, is that by which the particular Quantitics 
of every Ingredient concern'd in any Mithre are found ; when 
the farticulur Rates of every one of thoſe Ingredients, and the 
Alcan Rate are given; being (as it were) the Converſe to 
Allrgation Aeaiat ; as will appear by the following O/eraticns, 
which admits of three Caſes. 

Caſe I. The Partiicitar Rates of any Ingredients propoſed to 
be mixed, and the Alean Rate of the whole Mixtur being 
given. To find how much of cach Ingredient is requilite to 
compoſe the Mivture; when the whole quantity, or any part 
thereof is not [,1321ted, 

Oeft. 1. How much FF heat at 5 5. the Zrſpel, and Rye at 
35. 6 4. the Bret, will compole a Altxture that may be S 
for 4.5. 44. the Bujhel ? 

Note, In all Queſtions of 7/75 Nature, it 26777 be conventcnnt 
70 place the Mean Rate ſo, as thut it jay be cofily compared with 
Je Particular Rates, in order to find every one & the? 
Differences from the Mean Rate, by inſpection oy. 

1777 
Thus, the Mean Rate = 52 d. 5 * = 55 

Then take the ſeverel Differences betarcen the New Rate, 
and the articulan Rates ; Setting doen thoſe Difſerciices 
Alternately, and they ll be the Puanimes required. 

Thus 52 7 oh 74 © pt e 
„„ Bi 826 98—52 

That is 52—42 210 fer the quantity of iat. 

And 60—52= 8 for the quantity of Rye, that will 
compoſe the Miacurè required. 

The Pref by Alligation Medial. 
agg $20 Buſhets of I treat at 60 g. per Brſnel = 502 d. 
" t 5 ZBrijueis of Rye at 424. per Ynjnel = 336 d. 
18 "Ihe Nuiibcr of Siiſbels = 936 4. 

Then 18: 956 :: 1: 524. 45. 4 fl. the Iran Nate. 

Ncte, Altho' 10 and 8 do Auferer the Qreſtion, as plainly 
appears by the Prec.; yet they are not the only Two Numbers ; 
tor this ©z22/tzozz, and all others of this kind, will admit of various 
Anſwers, and all in whole Numbers ; for any Two Numbers that 
arc in the ſame Provortion to Oe another, as Io is to 8, will as 
truly Auſuer the Qileſtion. 


778. 
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14 f 
Viz: 10:8: 4 ; ” &c. ad infnitum. 
25 2 20 | 


- 
E 


Oneſt. 2. A Grecer would mix Three forts of Tobacco together, 

d g. One ſort of 18 4. pen Th. another Sort of 22 d. per b. and 

a Third Sort of 2 8. the Ib. How much of cach Sorr mult 

he take, that the whole Mature may be fold for 20 4. the Pornd. 

Having ſet down the given Rares, as before: Then find each 

of their Differences from the propoſed Mean Rate; And place 
thoſe Differences * Thus, 


2 9 4-F2==24—20 and 22—20 


o > 
* — — 


Alco 72 Rate 20 


Theſe Dif erences, 972. 6 . 2. 2 arc the Quantities Required. 


CG © 6 3 of Tobacco at 18 d. per h. comes to 108 
Preef I 2 Ib. at 22 f. the Pound comes to 44 C4. 
0 2 b. at 24 4. the Pouud comes to 48 
12=the Number of Ibs. Their value=220 d. 


Then 10) zco (20 the Aeau Rate. 


Or indeed any three Numbers that have the ſame Ratio to one 
another as 6. & 2 have, will Anfewer the Prieſ77072, 


9:5 | 
That is 6:5: 4 $2334 Ec. 
15 5 


> But if only one of the three given Ratet had been greater 

thy 1 the Mean Rate; As ſuppoſe 14 4. hey PB. 104. fer ib. and 

2 d. per Ib. And the Meau Rate 22 d. as before. Then their 
' Differences mult have been placed, 


| Thus 20 ) 18 5 : ( Oe. As belore, 
? 24 ? 6-+2 


Queſt. z. A Vintwer would make a Mixture of algen, 
$ worth 75. 6 d. fer Gallen, with Canary at 69. 9 d. fer Gun, 
| Sherry at 55. per Ca lor, and Write Vine at 45. Id. per 
Callon; What quantity of ca zh iy malt he take, that the 
2 Mixture may be {old fer 6 5. a CH. 
3 in all eſters of this kind, wherein it is required to mix 
11 vor things together, Two of them has ing their rrices G; cater, 


2. 5 75 aid 


; 
[2 


... . ˙ N ⁵˙ Ü. ——— 
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and Teco Leſſer than the eau Rate; you m mull always . Mlignt 
or Compare a Greater and Leſſer Price with the Mean Pri ict, 
ſetting down their Differences Alternately, as in the Fir} 

Example of this Sec?. 


Malaga 99 d. 74 21=2—51 
I/hite 514. 18=90=—72 
Sherry 624. g9=dSI—7: 
Canary 81 4.8 12=7 2—6C 
Hence 21 Gallons of Alalaga, 12 of Canary, 9 of Sherry, and 
rz of Mie will compole tne Mixture required. 
Malaga gol.? 1 12 Malaga 
Oo chance Terry 604.14 18 Sberry 
12 ) Canary 81 d 21 Canary 
Iiſhite 51 . 175 9 White 


F.ither of theſe Mi tires 2 Anſwer the Queſticu, whic! 
may be caſily try d as before in the LAH, Ec. 


Thus, Mean Rate gz d. 7 


will, Ec. 


Caſo II. The Particular Rates of all the Ingredicnts propoſe 
to be mix'd, the Mea Rate of the whole Mixture, and am 
one of the quantities to be miz'd bein g given. Thence to fil 
bow much of every one of the other ingredients is requiſite tv 
compoſe the Ai ætiiue. 


Nete, This is uſdally called Alligatian Partial. 


Dreſs. 4 How much J. * at 5 . the Brifuet, mult be mio 
wit 1s 2 Pre eig of Re at 55. 6 4. a Segel; That the wh: 
AMixtiire may be ſold fe. 2 44. the Buchel. 

in this Caſe you mult ict down all the Particular Rates, vid 
the Sfoms Ratc, a and find their Differences jul t as before; withuil 
any regard had to the quantiry given. 

5 8 Ji lheat go d. 10 
* Nye 42 A. 2), 8 

le Quantity fort ad b * the Differences f /; 

Then A. aue Vame Iii the Quaniity given: Is 10 it 


TIT : WY 
Ihus, Jed R. 


AN 


fot? 4 Wh JE Difſer CiiCES5 To. tie Jt 4 T ty of 115 Name. 


Thus 8: 12 :: 10: 15. the Ora 7 or Nezber of Buſo| 


> if Fas , . W 
of Vat req ulred. 


De 9 5. How much Alalagàa at) 5. 6 d. be Gatlon, Shri) 
at 53. the Ggllon, and Jie Tre at 25. 3 4. the Gai/on mul 
be m 10 with 18 Gallons of Canary at 65. 94. the Gallou: 


That the whole Mituu e may be ſold for 65. the Gallon. 


Tho 


e 77 Live. „ any of 'rhe other Lua, 11115 | 


ws 
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vl 


U 
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The Terms being ſet down, Ec. as beſore, will ſtand 
NMalaga 98 d. 21 
Inte 51 " 21 18 
SHerry 60 d. 1 8 
Canary 81 d. N 12 
CE 21 : 31 4 Ga/lonsof ANalaga. 
Then, As 12:18 :: 4 18 : 27 Gallons of White. 
9 : 13 + Gallons of Sherry. 
That is, 31 Gallons of Malaga, 27 of TV hite ine, and 133 
of Sorry, being mix'd with 18 G2/7c7s of Canary, will make 
the IL, required. 


Malaga 0 1 I2 
Or Thus, 72 Heng 60 18 


Canary 81 NJ 21 
Nhite 515% 9 
12: 10 The Malaga 
8 &c. 


Thus, can Rate 72 d. 


Then, As 21: 18 :: J 18: 1527 The Sherry 
9: 555 The IWhiteIWine. 
Gallons, Pence. | 
1821 ar 90 A. each — 92571 
Picof I 57 at 60 d. cach 92555 
745 at 51 &. each 392;2 


18 ar 81 d. each=1458 


Sim 51.2 Value=370255 
Then 5152) $5025 (72 4.=6 5. the Mean Rate. 
Therefore the quantities are as truly aſſigned here, as in the 


ait Work. 


Cre III. The Particular Rates of all the Ingredients propoſed 
to be mix'd ; and the Se of all their Quantities, with the Aſean 
Heute of that Sum being given; To find the particular Quantities 
vi the Mexonre. 

Ibis is called Alligation Total, and is thus performed. 
Set down all the Particular Rates, with the Mean Rare, and 
{:nd their Differences, as before: Add together all the Differences 


into one Sim; 
As the Sum of all the Differences : J to the Sum of 
Then all the Quantities given:: So is every farticulan 
= an” 266 te : 
Difference : To its particular Quantity. 


Queſt. 6. Let it be required to mix Heat at 5 5. the Brel, 


with Rye at 35. 6 4. the Buſbel; So as that the y hole 22107777 y 
may be 27 Brſpels, to be Sold for 45. 44. a Buſpel. What 
antity of cach muſt be taken to make up the Mitte? 


Q 4 Alcan 


—— 
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7 
Aten Rate 52 1 * £5 1 18 


18 their Sum. 
Then 18: 27 :: 1 1 45 TThe Quantities required. 


Oucſtion 7. Suppoſe it were required to mix Aal age 
a * 6 d. the Galton, with Canary at 6s. 9 d. the Callon; 

Sherry at 5s. the Gallon; And White Ine at as. 3 d. the 
Gallon: So as that the whole Mixture may be 90 Gallons ; to 
be ſold for 6 s. the Gallo. How much of cach ſort will compo: 
that Mixture? 1 

Malaga 90 21 
White 74 18 
Canary 8127 9 
SHerny GO 54 12 


6 S their $737. 
65:90 1: 21: 314 TheGeallons of Malaga. 
- I $69.4 0 ; I : 27 TheGallons of IWhire Nine 
Tn 5 12. J. / hoer 
| 0 2.990. 4 5 2 Al. C77 Sof Werry 
60: 90 tz 12:18 TheGallens of Cancers. 
(* ana i 12 


* ry 60 
Or thus, — W 81 © Bo -7 
I bite 


6o their S 
18 Gellons of Mala 
27 Cal loss of Sherry 
60 : 90: 21 315 Ga/lons of Canars 
60 2 90 9 + Gallons of IWhite Wine. 
Either of theſe ways do 89 Ayuſtwer the LOreſtion, as mi, 
be cafily tried by Alligationm Medial. As before, Ec. 


Note, The Work of theſe Proportions may be much ſhor tones 
(eſpecial! hen there are many Ingredicuts to be mix'd) if 


Mau Rate) d. 


40 : 90 : 12 
Then 60: 90: 18 


ebſerus the ſame Aſethed as was propoſed in the Rule «© 


Fellowſkip, Page 99, Oc. 


I have made uſe of the very ſame E. ramples both in Alligatien 


Aeaiat, and Alternate, throughout the three Caſes ; being, 
as] preſume, much better than if they had _ different 
ones ; becauſe the Learner may (if he confider a little 02 
them) eaſily perccive,. not only the difference between the 
tuo 


F 
[1 


* 
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3 435 


two Nules, but alſo wherein tac chick difference of cach Caſe 
in the Alternate Rite depend, c. Not but that I could have 
inſerted many varicus TI ,., as alto the manner ot compo- 
ſing Medicines, Sc. which, tur brevity's fake, 1 have omitted, 
and refer thoſe that defire to {et into that Bufine to Sir Pons 
Afere's Arithmetick, wherein he will find it largely handicd. 
And fo I ſhall conclude with Agate Alternate, which altho? 
it gives true Aſics to Duirſtions of that kind, with ſome little 
variety, according as the Ingredients are More or Leſs in 
Number; As appears by the foregoing 7:xamples. Yet it will 
not give all the Anſwers as fuch Lneſttons are capable of, nor 
perhaps thoſe which ſuit beſt with the preſent Occaſion : Nor 
can this Imperfection be remedied by common Arithinectick ; but 
by an Algebraic way of Arguing it may; whereby all the 
poſſible Anferers to any Qreſizon may be clearly and caſily 
diſcovered ; As ſhall be {kew'd further on in the Second Part. 


4M — nn 


CHAP. X. 
Of Mctals and their Spetifick Gravities, Ec. 


Scct. 1. Of Gold aud Silver. 


C1 PY NE Gold, free from Mixture of other Metals, uſually 

called Fine Gold, is of ſuch a Nature and Purity that it 

will endure the Tire without waiting ; although it were kept 

continually Melted : And therefore ſome of the Ancient 

Philoſophers have ſuppoled the Sun to be a Glcbe of Liquid or 
Melrcd Geld. Ns g 


Silver having not rhe Purity of Gold, will not indure the Fire 


the Tire any reaſonable time; whereas Copper, Tin, Lead, Ec. 
will not only waſt, but may be ca/cin'd or burnt to a Powder. 
Both Gold and der in their Purity, are ſo very Flexible or 
> Toft (like new Lead, &c.) that they are not ſo uſctul either in 
Coin, or otherwiſe (except to beat into Leaf Gola, or Silver) as 
when they are allay'd, or mix'd and harden'd with Copper or 
Braſs. And altho' molt places differ more or leſs in the Quantity 
of ſuch Allay, yet in England it is generally agreed on, that, 


Stand- 


like it; Yet Fine Silver will waſt but a very little by being in 


1 
1 
" 
z 
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Standard for Gold. 


22 Carracts of Fine Gold, and 2 Carracts of Copper, being 
Atcited together {hall be eſteemed the true Standard tor Gold 
Corn, &c. The French and Spaniſp Gold being very near of the 


ame Standard. 


That is, if any Quantity or Weight of Fine Gold, be divided 
*nto '('wenty Four cqual Parts, and 22 of thoſe Parts be mix'd 
with 2 of the like Parts of Copper ; that Mixture is called 
Stondard Gold. 

Whence you may obſerve, that a Carradt is not any certain 
enantity or IVeight, but -; part of any Quantity or Werght ; 
aud the Miuters and Goldſmiths Divide it into 4 equal Parts, 
which they call Grazzs of a Carract; allo they ſubdivide one 
of thoſe Gaus into Halves, Quarters, &c. 


Standard for Silver. 


Eleven Ounces and Trro-peuny Weight of Fine ver, and 
Erbreen Penny-weight of Copper being melted together, is 
citeem'd the true Standard for Sv , Coin; called Sterling 
Never. And ſo in Proportion for a greater or lefler Onoutity ; 
which is a Lefs Proportion of Allay for Silver, than the other 
's for Golg. 

Note, When either ver or Gold, is Finer than Srandard, it's 
called Betten; if Courſer, it's called Horſe; and that betterneſs 
or worleneſs, is reckoned by Carratts and Grains of a Carract in 
Gold; And by Penny-werghts in Silver, and is thus diſcovered : 
"The Goldſrinths, or Refiners, &c. do take a ſmall Or7ntity of 
iuci: Gold as they intend to Try (which they call making an 
Aſjay) and weigh it very exactly, then they put ir into a Crucible, 
and melt it in a ſtrong Fire, ſo long that it there be any Copper, 
or other Allay miæt with it, that Alay may be conſum'd or 
burnt away: When it's cold they weigh it very evacfly again, 
and if it have loſt nothing of its firſt Weight, they conclude it is 
Fine Gold, but if the Loſs be , Part, they call it 23 Carracts 
Tine, or one Carratt better than Standard: If it have loſt _* 
Paris, it's 22 Carratts fine, or Standard: If , Parts, it's ſaid to 
be 21 Carracts fine, or rather one Carract <corſe than Standard, 
and fo in Proportion as it happens to be Berrer, or Worſe. 


In the fame manner they make their Aſſay on Silver, only 
they compute its Loſs by Penny-weights, Ec. 


The Author of the Preſent State of England, mention'd 


before (Page 32) ſays, 
5 That 


Maa Roping, 
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That the 728/14 Coin may not want neither the Purity nor 
© Weight required, it is moſt wiſely and carefully provided, 
that once every Year the chief Ofticers of the Mint appear 
before the Lords of the Council in the S:ar-Chamber at of 
* minſter, with ſome pieces of all ſorts of Moneys Coined the 
* foregoing Year, taken at adventure out of the Mint, and kept 
* under ſeveral Locks, by ſeveral Perſons, till that appearance, 
* and then by a Jury of 24 able Go/4ſinrrhs, in the preſence of 
* the ſaid Lords, every piece is moſt exactly Weighed and 
Aſſay'd. 

This if it were conſtantly practiſed would keep our Coin to 
its true Standard, Ec. 

Many pretty @reſtions may be ſtarted concerning the Finenefs 
of Gold and Silver, &c. 


Example 1. 


It an Jot of Silver weighing 787 os. 14 Pitt. 6 grams, 
Be 11 02. 6 haut. fine: How much fine lde, is there in it, 
and what amounts it to, at 55S. 15 4. the Once ? 

This Igor is better than Standard by 4 prer. For 11 os. 
2 put. = 222 haut. the fine Sven in 12 os. of Standard. 
But 11 08. 6 pet. = 226 gert. the fine SI ver in 12 cg. according 
to the ©reſtion. | 

Firſt 787 C. 14 pt. 6 gr. = 378122 Gratis. 

And 12 02. = 240 ft. | 

Then As 240 : 226 :: 578102 : 55604655 = 741 08. 15 Pf. 


. 


62 8&7. the fine Sl ver in that Iugot. 


10 5 
Which at 55. 154. the Ouuce, amounts to 190 J. 15. 64. 
and near a Halſ penny. 


Example 2. 


If an Ingot of Gold weighing 115 oz. 15 fret. 18 grains ; 
Be - of a gñain worſe than Standard: Hoe rue Standard Gol 
is there in it, and what comes it to at 2/. 11 5. an Once ? 


Firſt 115 02. 13 pet. 18 gr. = 55530 Grains Troy. 
Then 24) 55530 (2313,75 = a Carract of that qr7272tity. 
And 4) 2313,75 (578,4375= a Grain of that Carract. 
Conſequently 4) 578,4375 (14462937 3=; of a Grain. 


Again, 2312,75 X 22 = 59902,5 ought to be the finc Gcli in 


But 


that Ingot, if it had been Standard: 


| 
T 
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| 
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Grains. And 34. I 1 4. —— 7 
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But 50902,5—144,609375=59553,4;:525 is the quantity 
: 2 oe [7 } 
cf fine Gel according to the tic. 

Therefore 529225 : 50757, C25 1 $5530 : 55372,244 Kc. 
Grains IIS 6%. ) fot. 4,244 &. Grains Troy, being the 
quantity of Standard Ge/d in that fact. As was required. 

Next for the Value ot it, at 34. 115. er Ouuce; 1 O. 2480 
Cc 

Conſequently 480: 71: 5557 2,44. XC. : 8190,47) &c. 
409 J. 105. 534. very near; being the Value of that T2gor. 
As was required. 

Or the lait Creff:c92 may be otherwiſe wrought thus; 115 02. 
T3 ft, 18g74115$=115,0875, And } of a Grain, of a Carract 
is rs (vis. the 5; of ;) 

1 * he] © 1 7 A A ow 
Then 22—,$=2174=21,9375. 

Conſequently 22 : 21,9375 :: 115,6875+ 115,355842 &c. 
=115 g. ) fait. 4,244 Grains, &c. As before. 

Next for the Value, As 1 : 3,55 :: 115,358$42 : 459,523889 
=409 J. 105. 53.4. very near. As before. 


Sect. 2. The Spetilick Gravity of Petals, &c. 


I take an Enquiry made about the different Gravitzes, or 
Weights of Aſcrots, and other Bodies, to be (not only a work of 
Curioſity, but alſo) of very good uſe upon many Occaſions. 
Therefore feveral Authors have given us ſuch Proportions, or 
difference of their Weights, as they are ſaid to have one to 
another ; ſuppoſing every one of them to be of the ſame 
Alrngnitnds or Bigucſt. Some of which I ſhall here infert. 

1. Henry Van Fiten, in his Mathematical Recreations, Printed 
Anno 1633, icts down the Propertien of their Weights. Thus; 

Gold 1875 . Lead 1165. Silver 1045 . Copper 910. Tron 810. 
Tin 750. Waiter 1c0. 

2. Orc Ad, in his Encyclopedis, Printed 1649, hath them 
Thus : : 

G 1875 Quickſilver 1502 . Lead 1165. Silver 1049 + 
Copper 91G . Tron $06 . Tin 159. Honey 159 . Water 100 
O7 . Theſe ſeem to be taken from thule of Van Etten's, 


with ſome Alattious only. 


3. The Ingenicus Mr. Ougiitred, in his Circles of Proportions, 
Printed Anu 1650, hath their Proparticus according to the 
Experiments of one Marinus Ghetaldi, in his Tract called 
Arciimedes Preneotus. Thus; | 

God 3999 . Oiickſelver 2850. Leed 2415. Silver, 2170 
Braj* 19 Jan 1682 . Tin 1551. 

. In 
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7 # EE 
2 +? 


Tin 7321 


Fine Geld is 
Standard Gold, 


DPuckſiloer, 
Z. cad, 
Fine Silver, 


Sraudard Silver, 
Ft Roſe Copper, 


Plate Braſs, 
Caſt Bras, 
Steel, 


Common Tron, 


Block Tin, 


A Cubick Inch of < Fine Merble, 
Conmon Glaſs, 


Alabaſter, 


| Dry focry, 
Dry Box-Wood, 
| Sea Vater, 
Common Clear 


Vater, 


| Red Vine, 
Proof Spirits 

or Branavw, 
Sound dry Oak, 
#3 Lint-ſeed Ot, 


Oil Oli ve, 


4. In the Philoſophical Tranſactions, (Naber 169 and 199) 
there is an account cf a great many Experiments of this kind 
from whence J collected theſe following. 
Mercury 14019. Lead 11343 . Stor” 11087 . Copper 8843 . 
Ilamer d Braſs 8340. Caſt Braſs $1c0 . Steel 78 52. Iron 
| . Pump-rwarer 1000. 

Theſe laſt Proportions being approved of and publiſhed by 
Order of the Royal Society ſeem to be unqueſtionably true 
Nevertheleſs, becauſe they differ ſo much from the before- 
mentioned (aum thoſe from ch another 1 have for my own 
ſatisfaction made ſeveral Experiments of that kind: And have 
( 1 prejſriae) obtained the Proportions of eight that one body 
bears to another, of the ſame Bulk or Magnitude, as nicely as the 
Nature of ſuch matter, as may be contracted or brought into a 
lefler body (vis. either by Drying, or Hammering, or otherwiſe) 
will admit of; which are as followeth. 


Vis. Gold 18888. 


ES —_ 1 
Ouuces Troy.\| Ounces Aber. 


— 


R 


10,359273 = 11, 365602 
9962625 = 10,950422 

7,394411 8, 191753 

5 84910 6, 35388; 

5,8590035 = 6,418324 

5$,556769 = F, 096569 

4,747121.="5,2085368 

4,4042373 = 4,532116 

4272409 = 4,6503800 

4.142127 = 4,544505 

4-3I36I = 4,422979 

3.561519 = 45236638 

1429411 = 1355688 59 

1, 360841 1,495037 

o, 988456 = 1,284477 

O, 962083 = 1,0535542 

, 543282 = 0, 396957 

0,5742742 =, 0,594594 

0,527458 = 0,578697 

0,523796 = 0,574646 

, 489268 = 0,536796 

0,4899008 = 0,535569 

0,491591 = 0,539345 

"0,481 569 = 0.528550 
Bs — 
In 


_ 5 = _ 
8 — 5 1 - = % 
- — <I— — — — 7 . 
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In this Tue you have the Sp2cijick Gravy or Voight UW a 
Crick Iuch, of various ſorts of Bodies, both in-Z oy Ounces and 
Averdufors Ounces, and Decimal Parts of an Ouuce, which | 
can aſſure you required more Charge, Care and Trouble, to find 
out nicely, than I was at firſt aware of. 

New frem hence it will be caſie to determine the Night ot 
any propaſed Quantity, of the fame matter and kind with thoj. 
in the Tale; its Solid Content being given in Cubick Tnche:. 
For it is plain, that if the Nzmaber of Cubic Inches contained 
in any given Quantity, be 17::7:if/ied with the Tabula Fheight 
of one Tac (of the fame kind of matter) the Product will be 
the I eight of that Quantity in Oz2z2ces, &c. F 


£Ea7nf te. 


Zuppoſe it were required to find the Wight of a piece cf 
Alarote, containing three &i Feet, and 40 Cibick Iuchhes. 


Firſt 1528X3==5184 the Cullick Taches in 3 Solid Feet. 
And 5184+40=52:24 the Number of Cubick Inches in the 
piece of Maric. 
224&1, 42941127410, 66624 Ounces Troy. | 
224X1,55885y=$195,719416 Orinces Averdupois. 
The Mei of that picce of Marble, in Ornces, &c. which is Þ 
. eahly brought into Pounds, &c. The like for any of the reſt. 
The converie of this Work is as cafie ; v. if the Weight d 
any propoſed Quantity be given, thenc2 to find the Solis 
Content of that Quantity in C:b7ck Juc hes, &c. 
Thus, Divide the given II of the Propoſed Quantity (“ 
. berng firſt Neduced into On, &c.) by the Tabular Weight e 
one tcl (of ihe faine kind of Matter) and the Quotient will v: 
the Nui, of Cibick Ancſies contained in that Quantity. — 


2 1 29 4 


Note, If you would find what Neight any Quantity of tho 
Bodies mentioned in the Zalie will have, when it is immerſcé“ 
or put into Water, you muſt Strat the Neight of an equi 4 
Quantity ot Water (with that of the Body) from the Heng, ; 
of the propoſed Body (if it be heavier than Water) and the- 
will Rezzarn the Fight required. As for Inſtance, | 

A Crnbick Inch of Lead=5,984010 7 * 

A Cubic Inch of WWater=o, 542742 505 nces Troy, &c. * 


their difference is, =5,441268 the IVeight of a Cubick 
Dich of Lead in the Water, Ec. 
CHAP. 
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H A P. XI. 
Evolution, or Hxtracling the Rqqts cl. of «7 Dingle Lowers ; 
by 0:32 Geirerat Method. 
Seck. 1. 
77 OIution is the e 77, or at it were t 10 Uj Hi, and 
Reſelviug any 7 propoſe: 4 *Poxzwer or NN 5 ber, it ito the frac 
at be made up. 
Now in order to perform that, it will be convenient to Con hav 
_ trols Poets are Compoſed, Sc. 

A Sqrare Nrmber is that which is Euelly Tauial; Or which 


—— 0 —— — 


15 contained under two 71:74 Numbers. Enclid 7. Def. 18. 


Thus the Se NuECer 4 is compoſed of the TWO Equal 


7 49% *©4 1 — 
7 IV. 700 3 2 and 2. 27 = 2. 2; 


Or the Snare Nvizber 9 is compoſed cf the Two EAu⁰E 
Nuebers 3 and 3. dig. 5 =9g. According to Tuclid. 
That is, if any Neeber be Aultiplied into it ſelf ; that 


Product is called a Square Number. 


A Cube is that Number, which is Laber Ezuallyv Earl, or 


+ which is contained under Tree Egal Nowibers. Jun. 2. Det. 19. 


Ihus the Cube Number 8 is compoſed of the Three 2:72] 
Netiibers 2 and 2 and 2. Vis. 2X2 2 X2=d, Sic. 
That is, if any Nrmber be Malti giicd! into it ſelf, and that 


8 Prednt & be Multiſlitd with the ſame Number ; the ſccond 


4 
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Fo, 4 
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Prodict is called a "Ou 20 Ne'mnber. 

Theſe Teo, viz. the STATE, and Cube N;beis borrow thai 
| Names from Geometrical L tenſions or Figures; as from the 
'Vhree Signal PNenatines mention din Proc 3 

That is, a Not is repreſented by a Line or ©1392, having but 
one Dime: ſion, vis. th at of Lengey only. 

The Square is a P1772 or Fig Two Diimenſſous, having 
7 qual Lengch and 25 Bꝛradth. T th C: be is a Selid Zody ot 
'hree Dincnſions ; having Au 1 Length. 152cadti;, and 

Thieun ffs : : But be SY ON 4 theſe Three Vetetre P FOCCEC: ds not, as 
to Local Extenſion. Thar is, the Fei re of Place or Space, 
in nits no room for other wars of Z7:&teafior, than L.egrth, 
Zreadth and Thick enefs. Neither is it poſſi! ble to form, or compoſt: 
any Fig2re or Body beyond that of A « elid. 

And there Fore all the Sr: porior Powers above the Cuòe of 


ird Poærer; As the 2igizadrat or Is with Foeer, the Surfolzd 
or I. 1 Pom e , QC. are bit explain'd and and=ritgod by a Raul. 
or Sei of Numbers in Goel ices N Liou. 

For Inſtance: 

Suppoſe any Rank of Geometrical P. "0þcrtionals, whoſe Firſt 
Zen and Ratio are the ſame; And to them let there be 
R 2 aſſigned 


1 
Fl 
: 
th 
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in Page 79. 


Thus, 4 17% „7 4 5 6. Indices.” 
2. 4.89.16. 32 64. 128 Ce. nx 

Then. are thoſe Numbers in produced by a continued 
Nfultijlication of the F:-ft Teri or 1igot into it ſelf; Aud thoſe 
in Arithmeticel Pregreſſon or Indices, do ſhew what Degree 
or Poder each Tem in che Geometrical Properiti is of. 

Tor E:xainple ;, In this Sies of = 2 is both the Tir Terin 
or Noot, and common Ratio of the Series. 

Then 2 X4:==4 the Srcond Term or S7tare. 

And 2xX2X2=8 Or 4Xx2=8 the Cube Or Third Term. 

Again 2X2X2X2=16 Or 8x2=16 the Tc Terin Of 
Tinuanra! Aud ſo on for the reit. 

Note, This is called Inpolutinn, viz. Ihen ay Number 25 
ar awn into i“ ſelf, aud afterwards into that Product, SC. 17s 
ſaid to be fo e volved into it ff; And the Indices are ile 
Exponents of ther reſpecti vs Powers ſo involved. | 


| 
And according to thel.: Tnvelrrtions, is formed the following 


1 


able of Powers; wherein the Root is only one Singie Figure. 


_ 1 {YN 8 5 
8 2 s |8 = SE ay . 5 
Iz > © > D * | — 8 "3 
* — 8 8 2 ” ng 6 
2 1 & © = — 360 
£ . - 27 2 7. 8 = W > 28 
— * 2 I» oF © > TVS > 82 GL 
_ 71 = % >| » = [2 4 -: 3 2 
3 * = S . a1 oa e 18 L * 
by --4 _ — n * m4 VO A — = 5 we 
33812 8 T = « 
8 2 nee 2 
* — DE RE =2&| YE 28 8 2 
> 12 — = 8 28 2 — 8 
S T3 = 88818 8 N Ny, 
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| This Tble plainly ſhews (by Inſpeclicm) any Sparer (under 
the ZeztÞ) of all cha Nh Figures; and from thence may be 


taken 
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* _— * 
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taken the neareſt Roo? of any $qoare, Cube, Brguadrat, &c. of 
any Number whoſe Root or Side is a ſingle Fignre. 

But if the Root conſiſt of Te, Three; or more places of 
Figures, then it muſt be found by picce-meal, or Fignre after 
Figure, at ſeveral Operations. 

The Extraction ot all Roots, above the Huare (vs. of the 
Cube, Biquadrat, Su ſelid, &c.) hath heretofore been a very 
tedious and troubleſome piece of Work: All which is now very 
much ſhortned, and rendred Eaſie, as will appear further on. 

When any Nubcr is propoſed to have its Root Extracted, the 
firſt Work is to prepare it, by Points ict over (or under) their 
proper Figures; according as the given Pore, whoſe Root is 
{ought doth require; And that's done by conſidering the [dex 
of the given Power, which for the Square is 2. for the Cube is 3. 
for the Biquadrat is 4. &c. (as in the precedent Tale). Then 
allow ſo many places of Jigures in the given Porter, for each 
ſing/o Figure of the Root, as its Iudev dcnotes; always beginning 
thole Puts over the F/ace of Unity, and aſcend towards the Left? 
Haud it the given Number be Fategers, and deſcend towards the 
Right Hand in Decimal Parts. As in theſe following. 

Suppoſe any given Nennber; As 75640387246 which I ſhall 
all along hereatter call the Reſolvend. 

Then it it be Required to Extraft any of the following Rocts, 


it mult be pointed (according to the foremention'd Confidcration ) 
in this unaumner. | 


. 


Sqrare Root Thus 75640387246 


Cube Root 15642387246 
Fiz. For the | Rte : : 
Biquadrat Root 75640387246 
Sirfond Root 75642385246 


Or ſuppoſe the Number to be o, 67403 1982 


Szuare Root Thus ©,6 740359820 


Ihen for the Cube Root ©,674935982 


Biquadrat Root 0,6 7403 58200 


Now the Reaſon of Pointing the given Reſolvend in this 
manner, dig. the allowing 7wo Figrres in the Square ; Three 
” Figures 


W —— . 


126 Arithmetitn. part I. 


Figures in the Cube, and TJ Igures in the Biquadrat, &c. For 


one Tig in the Root, may be made Evident ſever: 3 ; bur 
I think it's cafily conceiv'd from the Table of fi Powers 

wherein you may obſerve that all the *Porrers of the Figure % 
(which is but a /770/0 Figure) have the lame Number of laces of 
Figures, as the Inden of thoſe Porters denotes : Therefore fo 
many places oi Tigres muſt be taken or aſſigned for er every ſingle 
Tigi in the Ron: Conſequently by theſe cite is known 
how many places of Tigres there will be in the Root, vis. So 
many /c11:75 as there are, 10 many Tigures there muſt be i in the 
Root, and whether they muſt be Integer s, or retinas Parts, is 

cafily determined by the reipertiye e places of the Points. 


Sect. 2. 70 Ercrad /e Square Root. 
And Firſt how to Ext act the Suare Root, according to the 


common Ae. 

Having ointed the given Reſolvend into Per ids of Two 
Figures, as beſore directed; then by the Tab of Powers (or 
ethereetſe) find the greatelt Hudre that is contained in the ji7ſt 
Pericd towards the Lefr Hau; (lettings down its Reor, like a 
Quotient Fiore in Diviſion) and Srbfiradt that Silare out of 
the ſaid Period of the Reſolvend: Vo the Remainder bring 
down the next Pericd of Fir es, tor a Dividend, and double 


the Rovt or the /? rſt 3 0 for a: Des 1ſor ; ; — N olt * 


Multi, 2 with cha Aale uh fen g the e Drojnlt may 
be the orcatcit Ninuber that can be taken out of that Dividend; 
which 51:6[rc& from the ſaid Dividend, and to the Remainder 
bring down the next Pericd of Figures, for another New 
Dividend: Then ire how often the Latt Increg {ed Diviſor, can 


be had in the New Dividend; 1 [th he ſaxie Caution as before, 


„ 


viz.) So as that the Onot i ont Figure being Annexed to the 
7 2 J 4+ 4:7 

Livifer, and that HiCredjed Diviſer Aritripe icd with the ſame 
e Leu: Figure, their Hyd. Ct 8 be the greateſt. Nuiiber 
that can be ry b[ireccd trom the Kew Dividend. (As before. 


And o proceed on from Period to Pericd ; (viz. from Point to 


Porn) in the very lame iammey, until all be finiſlicd. 


An £104fle or I's o being well Ovferves will render the Work 


of forming the New 2 £1 75 5, &c. more Plain and Eaſie, than 


can be Expr. eſſed in a Aut of M orcs, 


Exampie 


» ; r . 
S 


ah _ . 1 1 L- 
- N 83 r 
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Example t. Let it be required to Hæxtract the Square Root 


out of 572199960721. This Reſolvend being, N Gr 
pointed as before directed, will ſtand 


Thus 572199968721 1 ( 55641 9 the Roct. 
: 49=the greatett $7yare in 57. 
1. Diviſor 145) Ser 
5 , x5 
2. Diviſor 1506) 9699 
6 9036=1506 Xx 6 
3 Di vi ſor 15124) | 66596 
" 60495 X 15124 X 4 
q. Diviſor 151283) 592007 
3 453842151283 X 
: 5. Diviſor 1512869) 13615821 
4 9 13 ii 


Proof 1594439%K756439 = 572199960721 the Reſolverd. 
ELrampie 2. What's the Square Root of 1B507p1,764925 ? 


15 Oberation 1850701,64025 (1360,45 
4 23) 85 
! 5 5 69 
; | 2661 1607 1 1340, 405 is the 
45 6 1596 Rog required, 
”" e —}7. 
103 17204) 1101,76 
13 3 1888 1 

i 1720805) 13 60402 

5 13 60402 


- Example 3. What's the Suare Root of 0,06076225 Decimal 
b 9915 2 . 5 


Operation © :26076225 (5,2465 the Root required. 


— „„ 
* 
1 he FOE n by 8 > : 


2 -:.O4=;4 KA 
B 44) 207 : 
3 +: 176 0,2465 K 0, 245 = 
2 480 | 3162 Proof 0,96076225 the , 
+. N f 
FT 6 Refolvend. 
——— ͤ— 5 4 


What 
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What is here done in Whole Nyiabers, Mix'd Nuzabers and 
Decimals, may alſo be done in YVrrigar Fractious; if you firit 
Change the given Fraction into Deciimals. (As in Sect. 5. P. 68.) 

Example a. Let it be required to Extract the Szuare Root 
0 25 1ſt „ 5 

Then 0, 64 (, 8 the Root required. 
2 | 

(0) | 

In theſe Fur Eramples the Neſelvend hath been a perfeft 
Sgilare; and therefore the Root hath been Extracted without 
Leaving any Neiai nden: But it very often happens that the 
Reſotveiid is not a true Figirate Ninmben, according to the 
propoled Power, That is, it's not a perfect $qrare, Cube, 
Biquadrat, &c. And then ſomething will Remain after the 
Extraction hath been made thronghiout all the Prizzts. Such 
Numbers are called Surd N4#b-rs, and their Rocts can never 
be truly found, but will become a Ceutiuued Series, od infuituuim: 
If to the Remai nder there be {till Anexed Cyphers according as 
the propoſed Power requires, vis. by Z=oo's in the Square 
Three's in the Cube; Forr's in the Ziquadrat, &c. And the 
Operations continued on as before. 


Example 5. Suppoſe it were required to Extract the $7197; 
Rcot of 6968. 


Operation 6968 (83,4745, Ec. 
_54 
163) 508 
3 9 . 
1664) 79,00 
4 . 
16687) 12 4493 
7 11 6809 
166944) 759109 
' BJ 667776 
1669485) 913240 _ 
5 $547425 
1659490 784975 Ec. 


Thus the Root of any Su Nember may be continued on 
to what Exactneſ you pleaſe, but cannot be truly found. 

In my Compendium of Algebra, Chap. 9. I have propoſed 
another way of Hxtracting the Sguare Root, and there given 
Examples of the Work ; which to avoid Prelixity is thus; 
| Having 


ft 


* GAO. 


8 T 5 
— * 83 * 1 


47% SHIPS. 


. 


12 
7 


Diviſor With it, adding to that Product the Lebus of the Half 


1 


2 8 


* 


„ 


e 


- | 
„ 1 
* Aft. L 
* 


Chap. 11. Of Extracting Roots, &c. 129 


Having pornred the given Reſolvend, and taken the Greate 
S7112re to the Firſt Point from it, as before. Then Divide the 
Remainder of the whole Reſolvcmd by 2 (that is, Valve it) and 
Point it a New. (This I call a New Dividend) Then make the 
Reoot of the Firſt Square a Diviſer, inquiring how oft it may be 
found in the New Dividend to the next Figure torward, 
reſerving that Fignre under the next Point, for the balf'Sqnare 
of the Quotient Figure. Which being found, Aſultigiy the 


Szuare if there be any; As in plain Diviſioꝶ. 

Then annex the Quorient Figure to the Laſt Diviſor for a 
New Diviſcr, with which procecd in all Reſpeëts as with the 
Laſt Diviſor; And fo on until all be finiſhed. 

Example 6. What's the Sqrare Root of 2990667959 


Opcration 


A 
-- 
—— 
— 


990667969 | 
('5 The Firf Sinnle Root. 
4926679569 The Remariniarr to be Divided by 2. 


) 
Firſt Root 5) 245333984,5 ( 54657 
4 208=5X4 : +5 the Syzare of 4 vis. *i=S 


—_ 


6) 3258$=54X6 : ; the Szuare of 6. 
Diviſor 545) 47559 
8) 43712=546Xx8: ++ the Szuare of 8 


Di vi ſor 5468) 382784, 5 f 
| 7 382784, 5=5468X7 : T + the Suare of; 
(0) 
Hence the Root is found to be 5468) As vas required. 


All the dificutty in this Merhed is only in the true placing of 
the half Square ot the Quotient Figure, when it happens to be 
an Odd Number ; In that Caſe you mult bring down one Figure 
more of the Dividend; viz. of the next Pericd ; under which, 
place the odd 5 that will a/xways ariſe from the Half, Sqrare of 
an odd Number: As 5 whoſe Square is 49 ; the half of which is 
24,5 to be placed as in the Laſt Operation of this Framp!?. 

N. B. hen the Number of Figures 17 72 Root of any Surd 


Number are limited; you need not procred in Extracting He 
doe Root as before; but only to One Figure wore than Val 


the deſigned Number of Figures; fer the reft may by obtained 
by plain Nivifion only. 12417 7 f 
- Lranipie 


11 
Þ 
; 
1 
1 
: 
3 
A 
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* — 
Example . Suppoſe it were required to Extract the Square 
Root ot) (a Surd Number) to have 12 places of Figures in it. 


7 (2,6457511 Firlt part of the Roor, 
4 
Remainder 3 
89 1, O Half the Remainder. 
+ „6 1,38=2X,6 : + the Suare of o, Gg, 18 . 
2,6 ) 1200 
+ 04 1048 
2,64 } I 52000 
005 132125 
2,645 ) 1987 500 
0007 1851745 | 
2,6457 ) 13575500 
,00005 13228625 
— X ( 
2,64575 ) 34687 500 a 
,COCOOL 26457505 : 
2,645751 $229995 _ = 
Having thus got ) of the 12 Figures required in the Rec; © 
the reſt may be e found by the Cortrafted way of Diviſion: £ |. 
Propoſed in Page 68. >, 
Thus, 2,645751) 8229995 | ( 2,64575131106 . 
9 „ * 7937253 1 
64 ka br 
264575 5 
28167 x: 
1710 144 
* 
1097 ; 0 
(13) T 
Hence I find the Root of + To be 2,6457151106 1 
As was Required. # 
Thus you have Two ways of Exrrating the Square Roct, . 
1. 


either of them may be practiced as every one likes beſt, 10 , 


- "oz 
£ 


. 
\ 
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Sect. 3. To Ertrac the Cube Root. 


The Aſethod that I ſhall here propoſe for Zx:rafinethe Cu 
Root admits of Two Caſes; both which are to be very well 
obſerved. 

Having pointed the given Reſolvend, (as before directed) v/s. 
into Periods of Three Figures; Then ſeck a Cube Niijnlen by 
the Table of Powers (or otherwiſe) that comes the neareſt to the 
Firſt Period of the Reſolvend, whether ic be Greater or Leſs 
than that Period, 


Caſe 1. If the Cube Number To taken, be Zeſs than the Firſt 
Period of the Reſolvend. 


Call its Root Leſs thai Juſt. 
And Sul ſtract that Cube from the Firſt Pericd of the Reſolvend. 


Caſe 2. But if that Cube be greater than the Firſt Period of 
the Reſolvend. 


Call its Root Poꝛe than Juſt. 


And Subſiract the Reſolvend from that Cube, Annexing 
Cyphers to it, that ſo Subſtraction may be made. 
Io the Firit Root whether it be Leſs, or More than Juſt, 
' Annex ſo many Cyphers as there are remaining Points over the 
whole Nzzzbers of the Reſolvend, and Multiply it with 3; Then 
make that Preduct a Divſor by which you mult 47v:ge the 
Difference between the Reſelvend and the foreſaid Cube, then 
will that Quotient be the Reſolvend Depreſſed to a Sñuare; and 
therefore it mult be pointed as ſuch : viz. into Periods of Z=ro 


igures each. That being done, make the Firſt Root (without 
O 8 5 


. 


— —— 
„ * 


NK 2 


ia cac 


thoſe Cyphers that were Ajnex'd to it) a Diviſer, inquiring how 
oft it may be found in the Firſt Period of the New Reſolved, (as 
before in Extractiug the Sguare Root) with this Conſideration, 
that if the Root, (now a Dioi ſor) be Leſs than 7ſt, as in Caſe x. 
you mult Annex the S ,,ei Figure to it, and then Multiply 
the Root fo increaſed, into the ſaid Quotient Figure; Setting 
doun the Units place of their Product under the Pornted Figure 
of that Period, Subſtrafting it, as in Diviſion. And to on from 
one Pericd to another. As before. 

Bat if the ſaid Roct (now a Diviſor) be More than Zuft, as in 
Caſe 2. Then you mult Sſtratt the Quotient Figure from a 
(her Annexed, or ſuppoſed to be Anne ved to the faid Diviſor; 
* Multiplying the Root 1 e r -c90 into the Qottent Figure; 
: Stig Go their Product as before, Ec. An Fxample or {Wo 
h Caſe will render the Work Plain and Eaſie. | 


= 82 Exain 7 / ? 


li. 
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Eixemple 1. 
What's the Cube Reor of 146 363183 the given Reſolved, to 


be pointed thus 146563183 (5 the Firſt Root, Leſs than Fiſt. 


125:=the neareſt C to 146 


o N 315) 21363183 ( 14242,12 New Reſolvend. 
Firſt Ree? 5) 14242, 12 (52) the Roo? required. 
— ove 
1. Di vi ſur 52 2842 
7 3689 


) © 

2. Diviſor 5239 (153) the Remainder to be rejected. 

Here the Root 527 is the truc Root at the firſt Operation, as 
may be eaſi/y tried by [zvoluincg it. 

hat is 527 X 527 X 527 = 146363183 the given Reſolvend. 
But if it had not been the true Root; Then cvery thing that 
hath been here done mult have been repeated; Only inſtead of 
the t ſingle Root (vis. 5) you muſt have taken the Increaſed 
Reet (viz. 527) and this I call a Sccord Operation; Which 
would Increaſe the Jaſt Root to Nine places of Figures ; 
viz, every Operation Triples the Number of places in the Loſt 
Root ; As will appear further on. 

N. B. It eſten bappens that Four, or ſometimes Five Places 
ef Figryes may be taken into the Root; Eſpecially <ehen the 
Second Place proves to be a Cypher. That is, wehen the Firſt 
Cube comes very near to the Firſt Pericd of the Reſolvend. 

Example 2. ä 


What's the Che Root of 675824239 ( 4200 Root Tiſ 
Firit ncareſt Cybo=64 | (than uf. 


— ——_ 
Nect 4500 z Iz 3507824239 ( 292318,68 


99 
) 


| O 2923198,68 (407158 
. Diviſor 400 2923 
X 2 28 
2. Divi jor 400) 7418 
. 
3. Diviſer a0 3347,68 
_ 3257,4& &c, 


- Reot= 4071,8 
In this Example | have taken Five Figures into the Roo, 


becuule the Sccouͥd Place proved to be a Cyz ber, And in thels | 


Five 


— 


D 
72 


— ww _— —_—— = 


. = : La0d 


; . 0 
1 Fay + : "PF 
"s - * 27 I 
1&4 2 * 7 5 bas 
Fs” a 4 * 
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Five the Exceſs is not an Lit in the TLuſt Place; tor if there 
were made a Second Operation, the Root would be 4071,78 &c. 
As may be caſily tricd. 
Example z. 
Let it be required to Extract the Cube Root out of this 
Number 3 OP Te nk 194 1 Re WY Or one” 
Viz. 9763796029890739602796 30295892 
The neareſt Cube to 976 is 1009 ehoſe Root is 10 being More 
than ju{t . „ 
Its Cube is 100c000-00000902CC00C60029090900000D 
+ 9763796029897 396927 
Remains 2 36203970109 26039720369701110 


The Firſt Root 10000000200 & 3=32200200000 the Diviſor 
Ten 30050000529) 2362039701092 03 9720369701110 ( 


oo οοꝙοẽ?s o 

Firſt Root 10) *y87346567030867990 = New Reſoly, 

— 80 0079 
1. Diviſor 1c 7873 

— 7 6951 
2. Diviſer 993 92246 Firſt Roof=10002002000 
| — 8 2 De 
3. Diviſor 9921 295756 9920710008 

— 2 198416 

4. Diviſor 99208 9734070 


— 9 8928639 
5. Diviſor 992071 : 

At this Firſt Operation I take but 992-7 to which I Annex q 
Cyfhers for the Remaining Points, viz. 9925700000 which being 
Involved to the Third Poder or Cube, tor a Second Operation, 

will be 997639815602274300000990C 230020 

=» 97637960298907 39602 79632298899 Reſolvend 


Remains 1855303366903 9729369701110 
"The Laſt Roo? 99207525290 X 3=29762100000 the ezv Diviſor 
Then 293562100222) 1855303366903 9720369701110 ( 
6233778419 21091 The Quctieut or New Reſolvend. 


Lait Root 99207 being More chan Juſt, therefore the new 
Luorients mult be Subſtracted, as in the Laſt Operations 


2 


Thug 


—_— 


— __ AY * r 
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Thus 
99207 ) 
— 6 
Div; jor 992054 
— 2 
Dio ſor 99206558 


—— — 2 


( 99206372 
— 


= 
> 


ou. — — — 


623377841 921091 (62836, 45 


$9525%4 | 
25139441 
19841276 
829816 5002 
1936529176 


—— — — ñ̃P 


— 


Laſt Rcot 9926102050 


— 62836, 45 &c. 


992c637163,55 the Root required. 


3616 561610 
297519/1151 


Note 772 this Ope- 
ration all the 
Figures on this 
ſide the Line, 
& all the ub 
Divi ſors aficr 
the(*) are uſe- 

. befs, & might 


992063717 642371245991 have been 
rn — 59523522984 omitted. 
2728637164 4513 22399709 | 
nr os 396g[2 5456 544 
9928637163 6 5440068141 560 
„ 4960318581755 
9220637163, ne. 


Thus I have obtained the Cube Root to Tivelve Places of 
Figures, viz. 9922637163,55 at Z<ro Operations ; being but an 


Unit too much in the Laſt Place of it, as may be tried by 


involving it to a Cube, and comparing that Cube with the given 


ay ny" 


n the ſame manner the Cube Roots of Decimal Parts; or f 
Pulgar Fratticns, being firſt changed into Decimals, may be 


Extracted. 


ScR. 4. 7 Extrad be Biquadrat Root. 


In Extractiug the Biqnadrat Root, or that of the Fourth 
Perver ; (and indeed the Roots of all even Powers) there is 


ſome ſmall Diculties, not ſo cafily Expreſs'd and Fixplain'd in 
a few words, as they are by an A/zebraick Theorem (ſuch as ſhall 


be ſhewed further on) I have therefore in this place, made choice 
of Extracting juch Roots by Lc ſeveral Zxtraftions ; And the | 
rather, becauſe { preſume the Reader by this time thoroughly | 
acquainred with the buſineſs of Err7afting the Suare Root, by | © 


which this may cafily he performed. Thus ; 


Firſt, Extract the Square Root, of the propoſed Re ſolvend, 
7 of that firſt Root will be the Bi guadras 


Then the Sqrare Reo 
Root required, | 


Example 
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Example 1. What's the Biquadrar Root of 4857532416 7 
Firſt Extract its Auare Root, 


Thus 4557532416 
— 36 Sthe greateſt Square, whole Root is 6. 
1257532416 Remainder to be Divided by 2. 


Firſt Root 6) 0628766228 (69696 


C23 ES. 
69 4526 
who. 6 4158 


696 668620 
x 9 625805 
6969 418158 
418158 
(0) 
. - » being the frft Root, whoſe S7uare Root 
Then 69696 mult now be Extracted. | 
— 4 
29696 Remainder to be Divided by 2. 


FurltRoot 2) 14848 ( 254 the Biquadrat Reor as was requir'd, 
6 158 | ; 


SP _m < 1 1 k g 


This is ſo Eafic I need not iſert any more Examples. 


— — 


Sect. 5. To Extracg e Durſolid Root. 


Having pointed the given Reſelvend according as its Index 

denotes ; v. into Periods of Five Figures; Secking ſuch a 
Surfolid Number in the Table of Porvers (or otherwiſe) as comes 
the neareſt to the Firſt Period of the Re ſolvemd, whether Greater 
or Zeſ5 ; and call its reſpective Root accordingly ; vis. More 
than Zuſt ; Or Leſs than Fuſt ; Annexins ſo many Cypyers to 
it, as there are remaining Periods of whole Nrbers in the 
Reſolvend. As before in Extracting the Cube Roor. 
3 Then find the Diftrexce between the Reſelvend,and the Sur ſolid 
8 Number ſo taken, by ſubſtrafting the Leſſr from the Greater, 
2 {as before in the Cube). Next find the Cue of the 2 
"1 ei, ſul 


— 
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Sur ſolid Root with its Aunc red Cyphers, (which you may alſo do 
by the Table of Poreers) and Multiply that Cube with 5 the 
Inde of the S, the Product mult be a Diviſor, by which 
the Difference between the Reſelvend and the S1rſolid Number 
mult be Divided; that fo it may be depreſſed to a Sqrare (as 
before in the C which mult be pointed into Period of Tae 
Figures cach, calling it the New Reſolverd, (as before). Then 
make the %% Roor, without its C + a Divifor ſuquiriug, 
how oft it may be found in the Firſt Period of the New 
Reſelvend, with this Conſideration, if the Root (now a Diviſor) 
be Leſs than Jeſt, you mult Annex Zei the Quotient Figure 
to it but if it be Mere than Juiſt, you mult [#5/traFt Trice the 
Dnorient Figure from a Cypher either Annexed, or ſuppos'd to 
be Aune vd to that Diviſer or Root, Multiplying it ſo tacreaſtd, 
or Diminiſhed, with the ſaid Quotient Figure, ſetting down 
their Product, &c. As before. An Example in cach Caſe will 
render it plain and eaſe. 

Example 1. Suppoſe it be required to Extract the Surſelid 
Root out of this Number 1259950200937 5. 


12 30950 20093)5 The Reſolvend Pointed. | 
The neareſt Solid Number to 1230, the Firſt Period of the 
Re ſelvcua, is 1024, whoſe Root is 4 being Leß than Zuſt. 
Therefore 1230950200937 5 
— 1024 


2069502009375 their Difference. 
Text the Cle of 400 is 64002000 per Table, &c. 
And 64020000 X 5 = 320020u00 the Divi ſor. 
Then 532coccooo) - 206950209375 (6467 Ec. 


Firit Roo? 4) 6467 (15 
+1 X22 42 Tirſt Root SA 


mY ＋ 17 
Diviſer 42 2267 | | 
+5 X2= 10 2150 the true Root 415 as required. 


Dior 430 (18 17 ) the Remainder to be rejected. 
That is 415 is the S»rſo/z4 Root of the ore Reſolvend. As 
may be eaſi/y tried by znvctving it to the Fifth Power. 
Viz. 415X415M415X415 * 415 2 123095 99375 the 
given Reſci vgn. 
Exam tio 


—— — — EY — 
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. ere 


E i . a 8 . ; . . 
Example 2. What 5 the Solid Root of 2327834559873 
The neareſt Surfelta Nitinber to 252 is 243 whoſe Root is 3 


$ . | ” 
being Mere than ist. 
2 Therefore 233coo0c22c00 
83 
n — — 2427834559873 


Remains 102115440127 Por a Dividend. 
The Cube of zog is 250 And 27000000 X 5=1 435y20040 


A 


Then 1350c0c02) 19216544127 (756,810 New Reſolved. 


L643: Fey 


7 f "Ea 
- * * 7 * 10 1 3 
e 


8 Firſt Reot zoo) 736, 7810 (2,358 
ON 592 
Diviſer 296) 164,78 
5 n 147,59 
2. Diviſor 295,00 172810 
: .o X2= „10 14,7450 
: 294,90 ) 2,53600 &c. 
4 The Firſt Root was 309, being eye than J. . 
; | Therefore it is — 02,558 
5 The Nero Root, 297,442 And is very near the true 
Noot, which is 297,436 Cc. Now the Reaſon why 


this Roor comes out to ſo many places of Figures at the Firtt 
Operation; is becauſe the Firſt Surſolid Number was ſo near the 
Neſolvcud, &c. As before. 


— . — m__ 


„ 


—ñ 


Sect. 6. To Extrad 72 Root of Dquare Cubed. 


his may be caſily performed by Z<xvo Exrrations ; according 
7 its Name Denotes. 3 : 1 Yes 
* Thus, Firſt Extract the S7rarc Root of the given Reſolvend ; 
then Extract the Cube Root of that are Root: And it will 
be the Roo? Required. That is, it will be che Ncot of the Sixth 
XP ver. TALE | | 
Or thus, Firſt Extract the Cube Roct of the Reſelvend, then 
Vxtratt the Sguare Root of that Cube Rout : And ft will be the 
Noot Required. | 

Lxaple 1. Let it be Required to Extract the Sprgre Cube? 

dot out of this Number 14522053735435156z5 the Reſelvend. 

Firſt Extra the Syuare Root ot this Reſobvend, which I 
8-10 be the beſt and eaſieſt way. 


, - M pu. e. 2 


Thus 
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Thus VVV 
145220537353515625 
8 
„ ſ 


Remains 5522053735351 5625 To be halved, 


Then 3 27610268676757812;,5 ( 381078125 
＋ 8 272 


* 7 2667245 
281075 3096226 
1 3048592 
381078) 47634757 
ob. 1 38107805 
3810781) 95269528 
_ 2 70215622 | 
2 — { 
381807812 190 5398612, 5 © "mn 
we, 3 2853986125, 5 . « 
381078125 (00 ; 


Having found the $S727e Root of the given Reſoluan7, | 
proceed to Hætract the Cube Root of that Square Root. | 
3 1 

That is, of 381078125 4 | 
— 343 = the neareſt Cube, its Root is 700 * 


Then 700 X 3 2100) 38078125 (18161 


Firſt Root 7) 18161 ( 25 


S x3 ze Firſt Root 700 
. + $$ 
2. Diviſor 725 (136) 725 


Hence I find 725 to be the Square Cube Root required; # 
may caſily be tried by Involving it to the Sixth Porver. | 
That is, 725X725X725X725X725X725 will be found 
==145220537553515625 the given Reſolvend. | 
Sec. | 


| i 
& 
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= I. Divi ſor 36 1937 
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Sect. 7. 70 Extrad he Root of e Seventh Power. 


Having pointed the given Reſolven d, as its Index Denotes, Vis. 
into Periods of Seven Figures, Seek out ſuch a Number of the 


Seventh Power, by the Table of Powers, as comes nearelt to 


the Firſt Period of the Reſolvcud; whether it be Greater or 


Leſſer, calling its reſpective Root More than Fr:f?, or Leſs than 


iſt, Aumeving its proper Number of Cyfhers, &c. As in the 
Cube and Sur ſolid. 

Then find the DiFerence between the given rr and 
that Number of the Seventh Porrer (found by the Table of 
Porvers) by Subſtrafting the Leſſer from the Greater. 

Next find the S1rſo/id or Tiſih Poreer of that Root with its 


Annexed Cyphers (which you may alſo do by the Table of 


Powers) and Multiply that Surſol:id Number with 7, the Jide 


of the given Reſolvend, that Product muſt be a Divi ſor, by 


which the foreſaid Diference muſt be Divided; that ſo it may 
be Depreſſed to a Square, to be Pointed, &c. as before in the 
Cube, &c. then make the Firſt Root, without its Cyphers, a 
Diviſor ; Working with it and the New Reſolvend (as before) 
only here you muſt Increaſe, or Diminiſh the Diviſor with 
Thrice the Quotient Figure. 


Example. 


What's the Second Surſolid Root, or that of the Seventh Porver, 


of 373236553955078125 the Reſolvend pointed. 
— 2178 the neareſt Number of the Seventh Power. 


I55436553955078125 their Difference. 
The Firſt Root is zoo being Leſs than Juſt; And the Fifrh 


Power of zoo is 243c000000000 which being Afultiplied with 
7 is 17010000000200 for a Diviſor, by which the aforeſaid 
Difference mult be Divided ; which Contracted may ſtand thus 
2721) 15543655 (9137,95 &c. | 


j Firſt Root 3) 9137 (25 


2X 3= 6 Firſt Root=300 


IP 
"ay ＋ 25 


＋ 5X3=_15 1875 True Root 325 
« Diviſer 375 (2) the Remainder to be rejefted as before 
T 3 Hence 


P 
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Hence I have found 325 to be the Tzre Reo 
is, the {77:0 Roct of the Seventh Pore, 

| think it needleſs to proceed farther ; vis. to inſert Exam ti 
of Vier Peers. For if what is already done be well underilood, 
it will be Eaſie to concerve how to proceed in F'xtraftine the 
Root of any Singie Power how Þ:21) ſocver it be (for the Methct 
is General and alike in all Porrers) due regard being had to 
their {dices 3 and to the Firſt Single Side or Rect. That is, 
whether it be Acre, or Leſs than Juſt, &c. 

Yet methinks I hear the young Zrermer ſay, "tis ZoſNible to 
follow the Dircclions and Haamics, as they arc here laid dowr 
but Kill here is not the Reafon why they are fo, and fv, 
Perferird ; And why there ſhould be a Remainder Left after 
the True Rect is found ; vis. when the given Reſeluend hath 
a Jie Root of its kind. 

"Tis true, the Rex/0775 of theſe are not here laid down x neither 
indeed can they be rendred ſo plain and intelligible by Words, as 
by ap {achrarck Precaſ, ſrom whence the 7 heorems or Rules 
hore given, had their ji ft vention ; as ſhall be ſhewed in the 
aut Part, when] come to treat of Reſolving Compounded cr 
fete! Aiquations ; however, take this ſhort and Generel 
Acconnt of this Jet Hd. 

Ibis, and all orzer of the new Aſerhbods of converging Serics 
{as they arc called) are very Different from the Ferizer (ard 
(till cc Nel Hh of F:xtratling Res, which requires ti. 
Tirf fneye fide or Rect of the Firſt Period (in any Refolveil 
to be taken Exat lily Liue, and then by Involwing, and other 
Tedious ways of ordering it, there is formed a D:wifor ; which 
helps to grofe out by Trials a Second Figure in the Roct. An! 
ſo recetds on from Feiut to Point ; ſtill repeating the whe: 
Work for every Single Figure that comes into the Regt. And 
if by Charice there be a Miſtake or Error committed in any ©! 
Figure (as 'tis puſſible there may) it ſpoils the whole Preca 


required, that 


which muſt then be wholly begun a Nezr, or at Leaſt from thit 


Fart ot it where the Error firſt cutered. 


But the Nature and De/or of the Method which J have here 


Laid down is quite otherwilh ; it being ſo contrived, as 6 
ereducly .cfjen the Dißtrence betwixt any propoſed Pori®), 
and the like Porrer of another Nilmler aſſumec 


| > Vir. it Lee 


that Differcace unit it's either Saite L'angiifned, or become o 


1 FRITH ety ne! Jas to be ,. Fetf.cant. 


"Therefore when any Ne is propoſed to have its Re 


Extrafted; it is here required go tike the net Neareſt Reo! 
1 ihe 1% Pericd in the Rev chat fo the Different 


betw!>' | 


n „ . 0 
2 a . 


—_ —— il 


c ͤ ln ts REST; 


— — — 
— —— 


— — 


Def reſſed Lower, becomes ſo prepared, that by = Didi ſion 
101705 as will 


kind. It will be Necegary to make a Second Operation ; by 
taking the Root ſo Tncreafed, and proceeding with it and the 
given Reſclveind, in all reſpedts as in the firſt Work (like to the 
Third Example of Hixtracting the Cube Root) ] ſay, if the given 
Reſelvend have a Ziue Root, it will appear at this Seconda 
Oferarionand all the aforeſaid Differences, &c. will be Vanquiſh d; 
Provided the Root required is not to have more than 7 hree (or 
Tour) places of Tigurcs in it. ; 

But if the Root be to have more than T7 /ree Figowres in it; Or, 
that the given Reſc/vend prove to be a St Ninuber. Then 
there will be a Difference as before; which will attord Quotient 
Fienres to Rectifie and Increaſe the Roo? laſt taken, to 'Three 
times as many places of [7g77es, as it had at the beginning of 
that Second Operation. As you may fee in the aforeſaid 
I::xamþple z. of the Cale Reot; wherein that Nœct is Increaſed to 
T'welre places of [res at Taro Oc, which if it were to 
be Hxtracted the Old (and ſtill common) way, it would require 
at leaſt Forty times the Number of Figures I have here uſed, 

Again, it there chance ro be a Miitake committed in any 
Operation pertorm'd by the AMethed here laid down, that Mittake 
will not deſtroy the precedent Work, but will be Rectified in 
the zext Oferarioan, although it were not diſcovered before. And 
thus you may proceed on to a 7/174 Operation, which will afford 
places ot Figures in the Regt, &c. with very e Trouble, 
it compared with former Aſet hes. | 

Ibis brief Account, which l have here given, (oy way of 
explaining the Nature of this Nies hu of Extrafiling Roots) being 
well confidered and compared with rhe fereral Operations of the 
loregoing Examples, mult needs help the Learner to form ſuch 
an Idea of it, that he cannot (I preſume) but underitand how to 


proceed 


* 
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roceed in xtracting the Root out of any Single Power, how 
bigd ſoever it be; without the help of an AHigebraic T heorem. 
Not, but when that comes to be once underſtood ; the Work 
will be much readier and eaſier perform'd : As will appear in the 
next Part. 

I did intend to have here inſerted, the whole Buſineſs of 
Tatereſt and Annuities; But finding that it would require too 
large a Diſcourſe, to ſhew the Grounds and Reaſons of the ſeveral 
T heorems ge therein, I have therefore reſerved that Work for 
the cloſc of the Next Part. Neither indeed can the Raiſing of 
thoſe T heorems be ſo well delivered in Words, as by an Algebraick 
way of Arging; which renders them not only much ſhorter, 
but alſo lainer and Eaſier to be underſtood. 

I have alſo Omitted that Rule in Arithmetick, uſually called 
the Rule of Poſition, or Rule of Falſe : Becauſe all ſuch 
Queſtions as can be Anſwered by that Gueſſing Rule, are much 
better done by any one who hath but a very ſmall ſmattering of 
Algebra. I ſhall therefore conclude this Part of Numerical 
Arithinetick ; And proceed to that of Algebraick Arithmetick, 
wherein I would adviſe the young Learner not to be too haſty in 


paſſing from one Rule to another, and then he wall find it very 
caſily to be attained. 


* 
2 
a. 
* 
1 : 
* 
& 


— 


AN 


INTRODUCTION 


TO THE 


Mathematicks. 


PART IL 
PROEM. 


| N b Hz: formerly wwrote a ſinall Traft of Algebꝛa, perhaps 


it may ſeem (to ſome,) very improper to <worite again 

upon the ſame Subject; but only (as the uſual Cuſtom ts) 

> have referr'd my Reader to that Tract. However, becanſe the 

© following Parts of this Treatiſe are managed by an Algebraick 
Method of Arguing ; which may fall into the Hands of thoſe 
2vho have not ſeen that Tract, or any other of that Kind; I 

= thought it convenient to accommodate the Young Geometer with 
Ihe Firſt Elements, or Principal Rules, by which all Operations 
in this Art are performed: That ſo he may not be at a Loſs as 

he proceeds farther on: Beſides, what I formerly wrote was only 
a Compendium of that which is here fully handled at large. 
The Pr incipal Rules are Addition, Subſtracion Pultiplication. 

= Diviſion, Involution, and Evolution; as in common Artthmetick 

| > (but differently perform'd) : And therefore ſome call it Algebꝛaick 


CES Ct AFG 


Arithmetick. Others call it Arithmetick in Species, becauſe 
all the Quantities concerned in any Preſtion, remain in their 
Subſtituted Letters (howſoever manag'd by Aadirion,Subſtratiion, 
or Multiplication, &c.) without being 1 or changed into 
others, as Figures in common Arithmetick are. 


1 Mr. Harrict call'd it Logiſtica Specioſa, or Specio's 
Computation. 


CHAP. 


mo ener ˙— TO — - +. — — „KA — — ?:. . —— dN— — — 


Algebꝛa. 


* 5 — * — 4 


CHAP. I. 


Concerning the Sethod of Noting down Quantities ; and 
Tracing Vein Steps, Ec. 


Soc. 1. Of Notation. 


HE erhea of Noting down Letters for Quantities, is 

" ©2705, according to every one's Fancy; But I ſhall here 

un follow the ſame as in my former Lat: And av 1 N the 

190 Quantity fought (be it Line, or Number, Ec.) by the ſmall (a), 

1 and if more Quantities than One are fought, Repreſent them by * 
the other j7:4/4 Vewcis z e. iu. or ꝙ. * 

The given Oiautities are Repreſcuted by the ſinall *, 
Conſonauts, b. c. d. J. g. &c. | 

And for Diſtinctiom's fake, mark the Points or Ends of Line. 
in all Schemes, with the Capital, or Great Letters, viz. A. F. 
C. D. Ec. 

When any Quantity (either given, or ſought) is taken more 
than Once, you muſt premæ its Nuiiber to it; As 34 ſtands 
tor 4 taken Three times, or I hre tiines a, and 76 ſtands for 
ſeven times b, &c. | 

All Numbers thus preſiæxt to any Quantity, are called 
Coefficients or Felloxw-Faftors ; becauſe they Miitifply the © 
Quantity ; And if any Quantity be without a Coefficient, it is 
always ſuppos'd, or underſtood to have an C77 prefix'd to it; 
As 41s 14, or Y is 15, &c. 33 | 

The Sig by which ©2anriries are Chiefly managed are the 
ſame ; and have the ſame Signification, with thoſe in the Fir? 
Part, Page 5. which I here preſume the Reader to be very well 
acquainted with. Io them muſt be here Aaded theſe Three more: 


Part II. I 


F 9325 —— 
* - of 


Sy Tnvolntion. | | 
Jig. 97 the Su of 5 or Extratling Roots. 
4 (trrationatity,or Sign of a Surd Root 
All Qrzanrities that are expreſs'd by Numbers only (as in 
Pulgar Arithmetick) are called Abſolute Numbers. | 
'Lhoſc Quautities that are Repreſented by Single Letters, as, 
a. b. c. d. &c. or by ſeveral Letters that are immediately joined 
together; As ab. cd. or . &c. are called Si νν,ð or Single 
whole Quauntities. | IL 
But when Different Quamtities repreſented by Different or 
unlike Letters, are connected together by the Signs ( +'or -) 
As ab. a—b. or ab—d4c, &c. they are called Com poumd who? 


Siantities. And 


* 
24 


* 
1 


>34 


A. 
_—_— 
* 
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And when Quartities are Ex proſe'd or ſet down like } gar 
a a +b ab dc 

"£"- Or . Or * &Kc, 
2 4 b--c 


Fractions, Thus- 


they are called Fractional or broken Quantities. 


The Sign wherewith Quantities are Connected, always belongs 


to that Quantity which immediately follows it; And thercf;re 
all the Quantities concernd in any Qurſtion, may ſtand in any 
order at Pleaſure, viz. the moſt convenient for the vext Operation, 
As a4 5 — d may ſtand rhusþ — & 4. Or thus a —- 7 + 
'Or—d+a-4- Kc. theſe being ſtill the ſame, tho differently 


* 
\ ** 
ag 
7 = 


placed. 


That Quantity which hath no Sig» before it ( as Generally 
the Leading Quantity hath not) is always underſtood to have 
the Sigz + before it. As ais E A Or is - Y A &, 


for the Siga + is the Affirmative Sign, and therefore all Leading 
or Poſitive Quantities are underſtood to have it, as well as thoſe 


that are to be Added. 
But the Sigz — being the Negative Sig, or Sign of Defect, 


there is a neceſſity of prefixivg it before that Quantity to which 


2 belongs, wherc- ever the Quartity ſtands, 


® 
4 
, 
*% 
—- 
* 


Sed. 2. Of Tracing the Steps uſed in bringing 
Qnäntities to an Aquation. 
The Method of Tracing the Steps, uſed in bringing the Quan- 


tities concern d in any Cut ſtion to an Afguatzorn, is belt pertorm'd 
by Regiſtering the ſeveral Operations, with Figures and Sig 1s 
© Zplaced in the Margin of the Work, according as the ſeveral Opera- 
tions require; being very uſeful in Long and Tedious Operations. 


For Inſtance: If it be required to ſer down, and Regiſter the 


Sum of the Two Quantities a, and &, the Work will ſtand, 
Fe. Thus (1/4 Firſt ſet down the propoſed Qrartities, a and 


207 & over againſt the Figures 1. 2. in the Small 
Column, (which are here called Steps) and againſt 3 


25 a + b (the Third Step) Ser down their Sum, viz. a + . 


"Then againſt that Third Step, fer down 1 -- 2 in the Margin; 


which Derotes that the Cuantities againſt the Firſt and Second 


eps are added together, and that thoſe in the Third Step are 
their Sm. | 


To Illuſtrate this in Numbers, ſuppoſe 1=9 and b =; 
en it will be, 
hus 14 —9 
23 =b 


I -- 15 being the Sum of d 6. 
SL ns com ot 7 ant 6 


Again, 


— 


* 1 — —— 
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. 


Again, fit were yegrired to Set down the Difference of the 
ſenC Taro Grantiiies, J hen it will be, 


Thus 12 2 9 


1256 
1-23a-b--y4-6+3 the Diff. between 9 and 6. 
Or if it wore r7:9u7/red to ſet down their Product. 


Then it will be, 


Thus!1'a —- 5 
I'S hb - 5 


Note, Letters ſet or ic ae Immediately together, ( like 4 
Hord) ſig is the Rectangle or Product of thoſe Quantities they 
Repreſent. As in the Laſt Fxample, wherein ab = 54 is tl# 
Product of a =. 9 and . &Cc. 


Aricms. 

1. If Eqzal Quantities be Added to Equal Quantities, the 
Sum of thole @uantities will be equal, | 

2. If Equal Quantities be Taken from Fqual Quartities, the 
Qraiities Remaining will be equo! 

3. If Equal Canntities be Multiplied with Equal Quantities, 
Their P2oducs will be equal. 

4. If Equal Quantities be Divided by Equal Quantities, 
Their Quotients will be equal. 
5. Thoſe Runntiites, ch 
Thiyg, are Eqnua/ to one auothex. 

Note. I Adviſe the Learner to get th-je five Axioms perfectly 
by Heart. 


Theſe things being premiſed, and a perfect Knowledge of the 
Sigus, and their Significations being gained, the Young Algebraift 
may proceed to the following Rules. But Firſt I muſt make bold 
ro Adviſe him here ( as I have formerly done ) that he be very 
Ready in one Rule before he Undertakes the Next. 

That is, He thould be Expert in Addition, before he med- 
dies with S ſtraction; And in Subſtraction, before he undertakes 
Multiplication, &c, becauſe they have a dependency one upon 


another. | | 


CHAP, 


ar are Fqunal to ane and the ſame 


” =» 
* 
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8 | 
CHAP. 2. | | 
Concerning the Six Principal Nulcs, of Algebzaick 
Arithmetick, of whole Quanritics, | 
| Set. 1. Addition of whole QuantiticF. 
| a Addition of whole Quantities a:Imirs of Tree Caſes. p 
| Laſe 1. If the Quantities are Jide, and have Like S; Add g 
the Co-efficients or profixt Numbers together; and to their Sum 


Adioyn the Quantities with the ſame Sig. 


Exam. I, Exain. 2, Exam. Jo Exain. +» 
1 a | — 4- 56 7e 
? 2] *4 B Ble 
| 


14 2ʃ37 24 B of} i II 


— ͤ(— — — — 88 


Thus Exam. 5. Exain. 6. Exam. 7. 


5 1,34 +56j3a—5bjcab 12 
MB 224 +7b]2a — 76bl3ab + 24 


1 - 2354 1254 — 12h10ab + 36 

The why je of theſe Additions 7s evident from the Work of 
Common Arithmetick. For ſuppoſe a, to Repreſent one Crown, 
to which if I Add One Crown, the Sum will be Two Crowns, or 
24. As in Exam. 1. 9 
© Or if we ſuppoſe — a, to Repreſent the want or Debt of One 
* Crown, to which if another want or Debt of One Crown be Added, 
the Sum muſt needs be th? want or Debt of Tewo Crowns, or — 2a; 
As in Example 2. And ſo for all thz r-ft. 

Caſe 2. If the Ouantities are alike, And have uni Signs ; 
Subſtract the Co-efficients from each other, and to their Difference 
joya the Quantities with the Sign of che Greater, 


Exam. 8. Exam. 9. Exam. 10. * 
I, +54 21 1e | —9 

2] —3a | 3a |— 6tc | +7abd_ 

I + 213 + 2a i — 24 2 2a 

Exam. 1 2. Exam. 13. 

1 7174257 — 841 —9tc 115 

2— 54 T7 

1 23 24 +26 4ab — 9 


2 


1 


148 Algebꝛa. f part II. | 


Ty Reaſon of the Operations in» this Caſe may be eaſily | . 
und rſtood by any one that duly con ſiders th? comparing of Stock 5 
aud Debts tag ther; or the Ballancing of Accompts betwixt Debtor 
and Creditor, * 
That is, The Affirmative Quantities Repreſent the Stock or Cre- 
ditor: Th- Negative Quantities Repreſent the Debts ; And their 
Sum A preſents the Ballance, &c. 
Caſe g. When the Quantities are unlite, Set them all down, 
without aſtering their Signs; and thence will ariſe compound 
Quantities, which can be no otherwiſe Added but by their 


S12g/78, £ q 

Thus 14 a |5b +74c 1. 
20 2 42 — 20 F 

* I23a+b a-b|5b 4 7dc +44 — 20 4 


Here follow a few Examples wherein all the 3 Caſes are 
Promiſcuouſly concerned. 


Ilaa.+ 2ab + bbj dab + be — 37 
2] —4gab E 
1+ 23 aa — 2b =p 11 ab ＋ 5 — 64 4 
I'aa — 2ab ＋ El gbe ＋7ab — 45 4 a 
[2] _+44b + bb[4d — 6bc — 7ab + da 4 
1-+2 3 aa +2ab + tb 3bc ＋ 4d — 45 + a: 5 


d 54, a þb — ab 
2. — 7a e — A 

3 I 1 A 

112 3 4 

Ii] 2aa + qabe — bb + 30 

2 -- zaa —2abc — 25 

3 dd “aan, gabe — 3 

3 + 2 A= 4d 2a bb — abc ++ 2 


Sea. 2. Subſiraction of whole Quantities. 


S»bſtraction of whole @#2tities is pertorm'd by one General 
Aule. OE 


Nule. 

CHange all the Sig is of the Suhſiraheud; (viz. of thoſe Quantities 
ich are to be Subſtracted) or ſuppoſe them in your mind to be 
( hanged. Then Add all the Quaniittes together, as before in Addi- 
t192,90d their Sum will ve the true Remainder orDifference * 


Ui ces = 


gs” = 


This Ceneral Rule is deduced from theſe evident truths. 

To Subſtract an Aﬀirmative Quantity, from an Affirmative ; 
is the ſame as to Add a Negative Quaztity to an Affirmative, 

That is + 24 Iuten from ＋ 3a, is the ſame with — 24 
Added to T za. 

Conſequently, To Subftract a Negative Quantity from an 
Affirmative ; will be the fame as to Add an Affirmative Quantity 
to an Affirmative. 

Thar is — 24 Taken from I- 3a will be the fame with 42 a 
Added to + 3 a. | 


Exam. 1. Exam. I. Exam. 3. Exam. 4. 
I | 24 — 24 J 8b — IS 
2 a — 2 237 — 
1 — 2J3 E 113 33 — 7e 


— — — _— — — — 


| Exam 5 Exam. 6. Exam. 7. 

154 + 12554 — 125 gab +36 
2 24 ＋ 75 2 — 7b 3ab + 24 
1— 213134 ＋ 5% 3a — 5 Gab ＋ 12 


Exam. 8. Exam. 9. Exam. 10. Exam. 11. 
If -- 24 — 24 be — 2abd 
2} — 234 | 1:34 — 6bc aba 
I — 2/13 + 54 — 54 ＋ 7bc | — gatd 


Exam. 12. | Exam. 13. 
1 2a + 22] 44 — 9 
þ n 
1— 2131 74 — 5 12ab i 7bc= 24 


If theſe 13 Examples be Compared with thoſe in Addition; 
the Work will appear very evident, theſe being only the Converſe 


or Proof of thoſe ; according to the Nature of Addition and 
Subftraction, in common Arithmetick. 


More Examples in Subſtraction. 
* ++ | 5bc + 34a | 8a +5bd + 25 
4 1 
3 


4 — 5 — 74 — 3bd — 12 
+25 dhe a+8bd437 


, 


] =_ 2 


vl 


— — — — 
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11 TT: we a O 

2] 342 —b — 2c b | 24 — 4b 
1 — 213] 36 T 13 34 T a—b] — 24 + 

1 2 + 5 — 54 | 76 

2I 4 —2b bc — 75 42 55 — 54 +5 
1— 2/3 a + 4b +bc +21 =d % +b+5d= 76 


II hat, a — 6 Taken from a + & Leaves + 26 for the 
Kemainder; as in the firſt of theſe Examples, may be thus 
proved, 


Let 1 a+b—z 


— — — — — 


Andj2' a—b=x . 
2-4bj3; a—x-+b. per Axiom 1. 
i—3l4 b—=z — x —b. per Axiom 2. 
4+ b's 2b =z x. which was to be proved. 


The Truth of all Operations in Subſtraction, where any doubt 
ariſes, may be Proved, by Adding the Subſtrahend to the 
Remaindey ; As in common Arithmetick. 

: Examples. 
From 1 + 5a obe | 
Take |2} — 2a, ſ- 36] — 6da Sul ſtrahend. 5 
1— 2/3 + 7a! — 2b} + 6da_— e Remainder. 
2 ＋3 4 + 5a ol Lobe] Proof. 


Sep. 3. Multiplication of whole Quantities. 
Atultiplication of whole Quantities Admits of Three Caſes. 


Coſe 1. When the Quantities have like Sigrs, and no Coeff- 
cients, ſer or joyn them together; And prefix the Siga before 
them; and that will be their Product. 


Exam. I. Exam. 2. Exam. 3. Exam. + 


11 4 —_ >} a +b | a— 
Thus J ; © 95 5 . 


1* 2 3 b Tah ad Td Tad Fred 


2 * 24285 
. - : , 


——_—_— 
— 


— 


Caſe 2. If there be Coefficients ; Muldiply them, and to their 


Product Ad join the Quantities ſet together as before. 35 
| us 


: 
IE E 8 
9 * 3 . n 
4, = © * = 
- 


* 
OY + wo". F 7 — . 
. ˙ m Hp een Q- ne x th 
m EE CO DSTI TIEN 


r © If $ 
= Y 
x * a * "Om = 
"- ; „ 7 1 


+ >. SLRS” 


; - 
% 4 - 
" . 8 2 boa 1 mw.” 7 ”" 4 — * r 18 * . 7 4 0 - * > 
r e Las Ion ers IO 


— 
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—— —— 


—— __@Clh 


Exam. 5. 3 6. 7 K * Exam. 8. 
11 54 —6 3a +2b| a+6 
Thus 2 I _ 5b 
ix2 |3154b e 15 1725 gab + 5 
— —— — ——— 


Caſe 3. When ths Quantities have Unlike Signs; Joys them 
and the Product of their Co-efficients together (as before) Bur 
prefix the Sign — before them; 


| | Exam. 9. Exam. 10. Exam. 11. Exam. 1 2. 
Thus J III T = | 44—7% 4 7 
% — | +7 | 3f —3f 
Ix2|3] — 4b + — 42db \i2af—21bfi— x2 af + 214 


— — — — 


That is, + into F, or — into —, gives EL in the Product. 


But -+ into —, or — into +, gives — 


That ＋ into -& will Produce + in the Product is evident 


* from Multiplication i in (ommon Arithmetick. 


. | vix, -+ 5 into T7 will give + 35. Sc. 


But that + into —, Or — into + ſhould Produce the 


i « Sign —, As in the four laſt Examples, 


And that — into — thould produce the Sig + As in the 


4 Second, Fourth and Sixth Examples, may perhaps ſeem ſome- 


| what hard to be c oncerved; and requires a Demonſtration. 


Firſt to prove that — 75 into + 37 =- 21 F,. As in Ex. 11. 


Suppoſe 42 — 7b 0 | 
Then will | 42 = 7b. per Axiom 1. 
But SET * 4 
2X3 [4 1247 = 21 Fer Axiom 3. 
4 — 21 75 f 1247 21. per Axiom 2. 


Conſequently ＋ into —, Or into + Produces —, which 
was the thing be proved, 


ng to _ —7b into—3 f gives + 21 as in Exam. 11. 


—Jþ—=0 
1 hen] 4 3 Nas before 
the 2 * 3 39 9 and. 14 Sig 21 by what is proved above. 
4 + 2175 — 12 4 21bf— 0. per Axiom 1. 


Conſequently —into — gives + which was to be proved. 


Or 


Or theſe may be otherwiſe proved by Numbers. 


| a—20 c=12 2 4 or any 
Thus, ſuppoſe 3 þ — 14 f _ } E= 8 77 other Numbers. 


Then a—b—6 ＋ d=4 per Axiom 2. 


Conſequently, 2 - b>yc -A U 4 = 24 per Axiom 3. 
but a— 6 xc - 4 according to. the Precedent Rules, will be. 
ac - eb Ad- dr, which if true muſt be Equal to 24. 7 


arc = & 12 F 2.40 c =TI12 & 14 168 
Proof ba = 4X7 — 112 da — 8 X20== 160 
Hence, ac -+ b4 = 352 per Axiom 1. 
And cb + da = 328 which being Sub ſtracted, 
Leaves ac + d — ch — da = 352 — 328 = 24 Which 
plainly thews, LS 
That -+ into — Produces — N; 
And — into — Produces -+ > dens 
J. E. D. 


Note. If the Multiplhyer conſiſts of ſeveral Terms, then every 
one of thoſe Terms muſt be Multiplied into all the Terms 
of the Multiplied: And the Sum of thoſe particular Products, 
will be the Product required. As in Common Arithmetict. 


an 5 
'aa da- tb + db Zar 35254 


— KyV——ů— - : — — — dQ— — 


4 


11) 4 — a 20 - 
20 a ＋ 34-4 
1 * 213 faa  abb bc — da — 8be þ 1246 


— — — rr 


. '%. % BD. * . 4 . N 


1 4a ＋ 24 ＋4 - aa — ba +bb 
2 2—2 E 
2 e aad.— haa + bba 


N * n 715 4 1 . "RR - > you 
. K e 


+ SY. — 


ann -R lan pbbhe 


1 « 213 A 
— ——— 


— — — 


— — —¼ 
* 


1 


| 
I 
1 
by. 
* 
2 
4 
1 
» 
* 
* 
7 
* 
4 
$ 
1 
7 


| firl ab |. 1 ab b 8ab 
Thus 2 a [2 +5 + 44 
31 I 
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Chap-x. Diviſion of Quantities, | 
Seck. 4, Diviſion of whole Quantitieg. 


Diviſion of Species, is the converſe or Direct contrary to that 
of Multiplication , and conſequently perform'd by * converſe 


: 0 — (As in common Arithmetick ) And admits of Four 
" A 


es. | 
6376 1. When the Cuantities in the Dividend, have Like Signs 


to thoſe in the Diviſor, and no Co-efficierts in either; Caſt off or 
Expunge all the Quantities in the Dividend, that are like thoſe in 
the Dzviſor; and ſet down the other Quantities with the Siga 
++ for the Quotient required. | | 


il ah |—abj ad + Þd| —ad — bd 
Thusy |; Hh 1 - BY a... 
1 2 1z[ a [Ta ATT ATT 

— — — — — — — 


Caſe 2. When the Quantities in the Dividend have Unlike 
Signs to thoſe in the Diviſor; then ſet down the Quotient 


= &uaiities found as before, with the Sig - before them. 


5 II- abe A bed +bf 
Fi Thus4 2] -& | +6 TNT. TEE 
gu: -2(3] —a | —a—d [—a—d— 


— 


— 
—— — — 


Caſe 3. If the Quantities in the Dividend and Diviſor, have 
Co-efficients ; Divide the Numbers (as in Common Arithmetick 
and to their Quotients Adjoin the Quotient Quantities. | 


11 15ah  42db + bs bf” 
T4] 1. =7 2.3 9 
12 2 13} 52 I—64 | 44 —76 


Note. When the Quanti ties and Co-efficients in the Diviſor 
and Dividend are all the fame, the Quotient will be an Unit, 
or 1. | 


— 9b 


—1 


 7ab 4 5bc | — 8ab — 44 
I + 2 "7M _— 1 


3 — * 


* 
— 


Caſe 4. When the Quantities in the Diviſor cannot be exacſy 
found in the Dividend; then ſer them bot down like a Vr 
Fraction. As in Common Arithmetick, 


X Thus 


* 


a 6b | 5b 4 aa Rad 

G 34 Sd + 7b 4e 

{i @ | 2be | 5b 424 S 
+ | @ | 5dX7.| 3 5 


3 * 
* 


N. E. In Diviſion one thing muſt be very carefully ohſervd; A | 
viz. that Like Signs gives + and Unlike Signs ves — in the ,* 
Guotirit;, which needs n0 other Proof than that l down 8 
in the laſt Section, if duly compared with what hath been ſaid 
concerning Multiplication and Diviſion, in Vulgar Arithmetick, 


Examples of Diviſion at Large. 


11215 + 15da — 35bf = 254f ( 2 
27 + 5d- $3 
2 x 3a 321 I5da | $ 
1 +| Oo 0 — 35hf—25df ( 5 & 
a2 IF I31- | — 35% — 254 | 1 
| t- 271225 ftheQuotient collected from the 3. and 5 Step. 


Or Vivi ſion of Quantities may ſtand as Numbers in Common . 
Arithmctick do; Thus — 
34 —6) Caaaa 96 (aaa þqaa+8a+16 


Gaana — 12044 
WT en ee SORE 


O + 12444 — 96 
-+ 120444 — 2444 


— _ ———ð6 —ö———  —— 


O Þ 2444 — 96 


0 4 

That is, Caaa — 96 34 — 6 gives 24a ＋ 444 + 8a T6 
tor the Quotient, as may eaſily be proved by Multi plicatio it 
viz. % + 4% + 8a + 16 x 44 — 6 will Froduce 644 9 
and fo for the reſt. = * = 


yl _— — —— —ä—b . eee ee — — 


Sedt. 5. Involution of whole Quantities 
Involution is the Raiſing or Producing of Powers, from a 3 
propoſed Act, and is performed in all reſpects like ultiplication, uu 
fave only in this; Multi plication admits of any different Factor 
but [volition fill Rætatꝝs the ſame. 2 ; 


Chap. 2: Involution of Quantities. 155 


Examples. 
114 | — 4 | the Root, or Single Power, 


— _ — — :? 


10 2244 | +.2a- 4 Square, or or Second Power. 


— — 


45 4 1 @ 33 %, |—aaa |Cube, or or Third Power. 


444 A 


; | 1 & als aana | þ aaaa | Biquadr at, or 4th Power. 


— — — - 


—— — - — 


N I @& 515 Laa — anana | Surſolid, or th Power, &c. 


Note, The Figures placed in the Margin, after the Sig! ) 
* of Involutiou; shew to what height the Root is Involved; and are 
called Indices of the Power; aud are uſually plac: -4 over thy 
Involved Quantities, in order to contract the Il, . Eſspeci g 
ven the Powers ore any thivg bigh. 


a — a as = aaaac 
Ar Al as = aaaaa 

Thus nd <4; | 
A= ana A as bs — anaaabbbbb 
at= aaa a* b* d; —anabbbddd 


BS If the Quantities have Coefcients the Co-efficients muſt be 
ba 33 5 Involved along with the Quantities,” As in thele, 
Thus 24 — 34 _ 
120 a 2 2 + 9aa | -25bbee 
= 1@-3;3 a 1 25#bbceee 
108 4/4] 164494 | T 814447 625b*ct 
18 5151 32a —243a5, . 31351 &c. 


— 2α˖j 


Iuvolution of Com pound Quantities is performed in the ſame 

manner, due regard being had to their 88 and Co- {ſiciont S 

= it tere be any. 

As for inſtance, Suppoſe Y were given to be Ixrolved to 
che 5th Power. © \ | . 

= Thus jx1| a2 ＋ I called a Bi ven Root. 

1 Z 2 -,. 


L* a 


aa + 2a 35 "ab + bb . Share of 4 +#þ 
4 


aaa + 24 abb 
2 4 P24 2abb . 


aaa aaa + agb + 3abb T Fe. the Cube of a { 
SEP op 


3 \ 
. 


* 


* * 
* 


„ 


R 


16 Algebꝛa. 
a + 3445 Þ 340 KA 
7 g's Nn 


„— — — — — 


7 8; a4 + 30h Þ 2aabb . abbh 
7-6} | + 4a b 3aabb +» 3abbb + . 


10 4/1 21 +483 -oþ Lb 


4 +b | 


| — — — —— —.— 
10 III &5 + 44+b -|- 643bb + 4agbs + ab. 
10 * 12 ＋ a*b + 44*bb + 6aab® +. 4ab4 ob bs 


— — — — — —— — — — 


18 5] 1 7 2 5 A 10a3bb + 10aab3 ＋ 54. bs 
Again, Let a — þ, called a Ac ſidual Root, be given. 


Then. 11 a—b 


41 


I X& | aa — ab 


24 + bb the Square of a — b 


44 5 aaa — 2 T abb 
4-3 6 — aab Þ 2abb — bbb 


1@3! 7 gau F — bbb. the Cube of a K 
| 22 


5 


— — 


———— 
Ty 8 aaa zaaab + 3aabb — abb 
7 ů· 31 9 — aaab + 3aabb — 3abbb 


"16-4 10| A Jaaa T Cab — gabi + bbbb 


2—5 5 


1 * 


f · ·˙¹ cs: 
10 * 4 11 &5— 44tb ＋ 6a3bb 4b; + a5. 
82 — 4  qaibb — 6nab* þ gab4 bh, 


70513 * 5 ＋ 10e, == 10aab3 ＋ $ab4 + bs 
C, 


By comparing theſe Tuo Examples together, you may make 


the following Obſervations. | 

1. That the Powers Raiſed froma Rc fidudl Roat (viz. the Difſe* 
rence of Two Quantities) are the ſame with their lite Powers 
Raiſed from a Binomial Root (or the Sum of Two Quantities) ſave 
only in their Signs; viz, the Bizpmial Powers have the Sig: + 


to every Term; but the Re ſidual Powers have the Signs - 


— interchangeably to every other Tm. + M 
& The Indices of the Powers of the Leading Quantity 


#4) cominually Decreaſe in Arithmetical Progresfion ; vin 


— 


. 
= g L 


X14 
„ 
1 * 


— —— — — — * WE 4 
Part [ 5 
8 on 25 a 
iy b +4 A 
„ =. 


_— 
—_ ...”. 
* 
B 
l 1 


reer, 


* 

A 
f 
8 
. 
* 
* 
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the Square it is aa, a, In the Cube aaa, aa, a. 
In the Biquadrat it is aaaa, aan, ga, a, &c. 

3. The Indices of the other Quartity h do continually increaſe 
in Arithmetical Pregreſsion; viz. In the Square it is 5. bh. 
In the Cube h, bt, bbb. In the Biquadrat it is b, bb, bbb, bbb. gc. 

4. The Firſt and Laft Terms, are always 1 Powers of the 
ſingle Quantities, and are both of the fame Height. 

5. The Sum of the Indices of any Iwo Letters joined together 
in the intermediate Terms, are always Equal to the Index of the 
high-ſt Power, viz, of the Firft or Laſt Term. 

I'heſe Obſervations being duly contidered, it will be eaſie to 
Conceive how the Terms of any propoſed Power raiſed from a 
Binomial or Reſidual Root muſt ſtand, without their Urciz or 
Numeral Figure n. 

For Inſtance, ſuppoſe it were required to Raiſe the Finomial 
Root a + 5 to the Seventh Pourr; then the Terms of that Power 
will ſtand without their Uzcia s in this Order. 


Via. a AL ob Fab a ab! þ 5.1 


And becauſe the Uncie (not only of any ſing'e Letter, but 
alſo) of every Single Power, how high ſoever it be, is an Unzt 
or 1 (whichneither Multiplies nor Divides) and allthe Powers of 
any Binomial, or Ke fidual Root are naturally raiſed by Multiplyicg 
of the Precedent Power into its Original Root, which is done by 
ny food 1g each Letter in the Root to the Precedent Power, with 
its Uzcie, and then removing the ſaid Power, when it is ſo oi 
to the Second Letter, one — forwards (either to the L/t, oc 
Aight Hand) it muſt needs follow, 
hat the Uncie of the Second Terms (in any ſuch Power) will 
always be the Sum of ſo mauy Urits Added together more one, as 
there haye been Multiplications of the Firſt Root; which will 
always be determined by the /xdex of the Fir/t Tirm in the Power, 

And becauſe the Unrcia's of all the intermediate T-rins, are 
only removed along with their Letters, it alſo follows; that if tliey 
are Added together, their reſpective Sms will produce the true 
Urcia's of the intermediate Terms in the new Raiſed Power. As 
doth plainly appear from the following Numbers ſo removed 
without their Letters; which both ſhews and Demon ſtratos an 
Eeſie way of producing the Uacias of any Ordinary Fower 


(viz. of one not very high) Raiſed from either a Binomial, or 


Ke ſidual Root. 


* 


Thus 


I58 | Algebza. Parr my 


Thus | 
Add 3 I . | 5 The two Uncza's of the firſt Root. 
Add 1 "Io" N : FA The Uncia's of the Square. 
Ald 12 : 3 g | The Uncia's of the Cube. 
$2 $54 


1 The Lucid of the qth Power. 
2421 | 


4 12 5 10.10. 5. I | 
no * 1. 5. 10. 10 5 1 Uncia's of the 5th Power. 


— — —̃a— —vyt:t:᷑ i ͤ — — — ooo — — 


Ado I . 6. 15 . 20 . 15. 6. 1 Uncia'sof the 6th Power. 
I . 6.15 £20 15. 6. 1 


1.7 21 435 35 .21 . 7 . 1 Uncie of the 7 Pow, 
And ſo on in this manner ad 7nfinitum. 58 
Now if theſe Numbers are prefix d to the aforeſaid Letters, all 
the Prims will be compleated with their reſpective Uncia's, and 
will ftand thus; | ET 


V+ 72% + 2166 + 35 +3306 21 Cab +6. 
But that the buſineſs of finding theſe Urcia's, may be rendred 
yet more eaſie for Practice, it will be convenient to conſider 
what Series or Progreſs:07, the Uncia's of each Term do make, 
from the aforeſaid Additions. | . | 


Ze [EE [Zed fie kl s 
Ds | >8 Se ss SS FEE 
"2 31 8h 5 
SE [EE [SEISEITEISS SETS 5 
Fo <8 [SSS SESIS 2 82 
— 188 8 Jew W +22 Oo > 1 23 
— — —- 1 — — — 1 
e = 3  Uacia's of the fingle Quant iti. 
_ CE .* + 1 * 0 eee 00 * 0 Ducia's of the Square, 
'Y N 3 3 . | @ 2 |; g@ os Uncia's of the Cube, 
e Coe 3 4 Dacis s of the 4th Power. 
1 * 5 0 25 90 4 . 5 g 1 * — ** Uncia's of the Sth P & 
a — . © 5 oP 15 5 17 wn 5 © * 00 Uncia's of the 6th Power. 
— oa — — * — —.—. 3 8 8 
| a::# + (6119 246 608 1-79: 8 Uncja's of the th Power, & c. 


The Urcia's of the Firft Term is only a Series of Units, whoſe 
Sum is every where the Uncza's of the Second Term. '' N 

The Urcia's of the Second Term, is a Series of Numbers in 
Arithmetick Progreſsion; whoſe Sum is every where the Unci# 
of the Next Superiour Power in the Third Term, and may be 
Fund by Propoſition 1. Chap. 6, Part 1. | That 


- 
$1 
\ 
— 
o 
9 
A 
* 
2 
1 * 
2 
£ 
* 
* 
= 
7 , 
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That is, in the 71% Power it will be the 6 T 1 Y; 
Urcie of the Third Ii. 2 0 
The reſt of the Lycias are a Compounded Series, whoſe 


reſepective Sums may be obtained from the Urcra's of their 
precedent Tuns. 


Thus _ 2.35, Then D235, Again T 2 —21 


And _ : , Oe. 


From hence may be deduced this General Rule, 


Aule. 

If the Index of the Firſt Letter of any Term, be Multiplied 
into its own Uncie, and that Product be Divided by the Number 
of Terms to that place; the Quotient will be the Luci of the 
ext ſucceeding Term forward. 

That is, by the help of thoſe Indices that belong to the ſeveral 
Powers of the Firſt or Leading Letter only (as a) rhe true Urncia's 
of every Term may be eaſily found. | 


Examples. 
Let it be required to compleat all the T of the aforeſaid 
ſeveral Powers, viz. f? +o'b+&b · bi #5 + ab*.+b7 
with their proper Urca's. 
1. The dex of a7 the Firſt Term will be the Uncia of the 


Second Term. Thus a? ash. 


2. Then Half the Second Terms Index into its Uncia, 
712. —21 will be the Third Nrms Uncia. 

Thus a +74b 21 a˙ will be the Three Firſt Terms. 

3. Again = =35 is the Uncia of the Fourth Term. 

Then it will be a +74b 2146 +354. 

4. And . 35 will be the Uncia of the Fifth Term. 

Then a7 Toad +2146 +350 ＋35 %%% Ec. until all 


the Terms are complrated with their reſpective Lucia s; and then 


rey way ſtand 4 2 4 14 + 
us | a 45 21 425 35 a? 3 35 A” * 21 a? 
1 : 


* 


Now 


& = 
— —<—_ LI - — 
. 


_—_— 


— — — —ẽ——ö 


increaſe until the Iudices of the To Letters become Equal, or 
change places; and then the reſt of the Uxcias will return or 
Decreaſe in the fame order. That is, wherever the /rdices of 
the Letters are Alike, there the Unczia's will be Alike. 

And therefore one needs to find the Urcia's (as before) but 
half the Number of Terms in any Power. 1 

If what hath been faid, and the Work of the Example 
be well underſtood, 1 preſume it will be found very eaſie to 


Raiſe any Power from a Binomial or Reſidual Root, to what 


height you pleaſe ; without the trouble of a continued Involution; 
and without the help of ſuch a Table of Powers as is propoſed by 
Mr. Oughtred in his Key to the Mathematicks, Page 40. and 
ſince by others. | | 

Now from theſe Conſiderations it was, that I propoſed this 
Method of Raiſing Powers in my Compendium of Algebra, Page 
57, as wholly New (viz. ſo much of it as was there ufeful) having 
then (I profeſs) neither ſeen the way of doing it, nor ſo much as 
heard of its being done. But ſince the writing of that Tract, 1 
find in Dr. Wallis's Hiſtory of Algebra, Page 319 and 33r, that 
the Learned Mr. 2 ewtor had diſcovered it long before: 
which the Doctor ſets down in this manxer. 


Let m be the Ex ponent of the Power. 


I x ——*x— x —— x — Xx —— Ge. 
I e 
Will be the Series of the Uzcia's required; but he doth not tel 
us how they Firſt came to be found out, nor have I ever met with 
the leaſt hint of it in any Author, | ry; 


1 —0 MT M-2 M— m— | 
Then 3 ; $ 


— 


Sect. 6. Evolution of whole Quantities. 
Evolution is the Extracting of Roots from any given Power. 
Thar is, it is the Converſe Work to that of Involution, and in 
Sivgle Quantities it's eaſie, if the given Power have ſuch a Root 
as 15 required, which may be thus known, ; ; ; 
IF the given Power have no Numbers prefix'd to it, and its 
Index can be Divided by the Index of the Roof required, the 
Quotient will be the Index of the Root ſought. : 
Thus, If the Cube Root of annana vix. av were required (the 
Tnd-x of the Cube is 3) then 3) © (2. That is, 3) 4 (4 
the Root required. And ſuch Opetations are uſually ſet down 


Now here it may be further Obſerv'd, that the Uncia's do only 


7 

5 * 
* 
4 * 

5 4 
» 
= 

4 


= 


5 — 2 
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ö 

"= 
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Thus 1 as | a" þ6 | a5 9g 
| —— ͤ —EU—Uäñ — — 
IAE a3 „ 00 | mb. d; 
.XS —  _ L——— — —— ͤ bBV§— : — 
10313 a2 a mala 
3 uu 214 a | ab abd 


—ͤ—— — 


Note, the Figures placed in the Margin after the & (w) of 


| ; Evolution; denote the Index of the Root to be Extracted. 


> If the given Powers have Co-efficrerts: (viz. Numbers prefix'd 
; to them;) then you muſt Extract their reſpective Roots as in 


EZ Vulgar Avithmetick. 


— ——  — — — 


Thus i 8144 | 12964%8 \} 20736atbick 


5 Iw2fſ2 gaa | 36aib4 | 144aabbee 
| Iwgl3 3 6aabb | I 2abc 
Or 2244 3a | 6aabb | I 2abc 


5 But if the Root required cannot be truly Extracted out of both 
che Co-efficients and Indices of the given Power ; then it is a Sur, 
and muſt have the Sg of the Root required prefix'd to it. 


Thus] 11 as | G67aana | 216bbbddd 


zz! yas | Ja JE 
b 13134 3.45 | 3., GTaaaan | G 


— eee 


- — 


Evolution of Compound Quantities or Powers, is a little more 


# troubleſome than that of Single Powers; and would require a 


great many words to Explain the manner, and Keaſo/: of form- 
ing the ſeveral Canons, that are commonly uſed in Extractirg 
the Roots of Compound Guartities; eſpecially if the Powers be 
| very high, &c. I thall therefore for brevities ſake omit them, 
and i»ſtead thereof propoſe an «:fre Method of diſcovering the 
Roots of all Componnd Fowers in general; And in order to that, 
it will be necellary to premiſe ; that if either the Sm or Differerce 
of ſeveral Quartities be Involved to any Power, there will 
ariſe ſo many firgle Powers of the ſame height, as there are 
Different Quantities. : | 
As for inſtance, if a + þ + Ad be Squared; that is, be [yvo'ved 
to the Second Power, it will be aa + 2ab 1 2a 4+ bb + 2 + dd, 
here you have aa, bb, and dd. : 
Again, if a + 2 + A were cubed, viz. I. oed to the Third 
Tour, then you will have aaa, Bb, and ddd, in it, Sc. 
R Y Whence 
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— —— - 
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Wheice it follows that in Extracting the Roots of all Compound 
Grotitics, there muſt be conſider d, 

1. How many Different Letters ( or Quantities ) there are in 
tl. e given Portrer. 

2. Whether the Single Powers of each of thoſe Letters be of an 
Equal height, and have in them ſuch a Sz7gle Root as is required: 
W hich if they have, Extract it as before. 

3. Connect thoſe S7,gle Roots together with the Sig: T and 
Iwolre them to the ſame height with the given Power; that 
being done, compare the new Xazſed Power with the given Power, 
and if they are alike in all their reſpective Terms, then you have 
the Hot required; or if they Diffc7 only in their Sigs, the Root 
may be 277 corrected with the / — as occaſion requires. 

Example 1. Let it be required to Extract the Square Root of 
ce + 2c>b --- 2d + bb 2d þ dd. 

In this Con:pound Square there are Three diſtinct Powers, 
viz. bb, cc, dd, whole ſingle Roots are b, c, d, wherefore | 
ſuppoſe the Koot ſought to be b + c d, or rather þ-+c 4, 
becauſe in the given Power there is — 2cd, and — 25d, there- 
fore I conclude it is — 4, then þ -þ c — d being Squared, Produces 
Eb 21 — 2bd + cc — 2d + dd which 1 find to be the ſame 
in all its Terms with the given Power, although they . ſtand in a 
Different Foſition; conſequently b -|- c — A 1s the true Foot 
required, 

SEE: 2. is required to Extract the Square Root cf 
a4 — 2aabb + i. Here are but Two ſixgle Fowers, viz. 41 
211d þ4, whoſe Square Roots are aa, and bb, And becauſe iu 
the given Power there is — 2aabb, therefore I conclude it muſt 
either be aa — bb, or bb — aa. Both which being I volved, 
will produce a4 — 2aabb 4- bz conſequently the Root ſought 
may either be aa — b or Fþ — aa according to the Natur: 
or defign of the Queſtion, from whence the given Power was 
produced. 

Example 3. Let it be required to Extract the Square Root of 
364314 + Ic Sana + 81. Here the Two firngle Powers are 36aaaa, 
and 81, whote Koots are 64a and 9, And becauſe the Szg"s 
are all , therefore I ſup;'ofe the Root to be 622 + 9, the whuch 
being /zvolved doth produce 36a4 + 1884 x 81, conſequently. 
6aa + 9 is the true Koo? required, Ne 

Example 4. Suppole ir were required to Extract the Cube 
Root of 1254 + 30caae — 45 a + 250 e — 7Racae + 
64tee + 54ca — 28822 + 4328 — 216. 


ly 


— 
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In this Example there is Three diſtinct Powers, viz. 125044, 
64eee, and — 216. 

The Cube Root of 125 aaa is 5a. Of 64ece is 46, and the Cube 
Root of — 216 is — 6. 

Wherefore I ſuppoſe the Raot ſought to be 5a þ ge — 6, 
which being Javoſved to the Third Power, does produce the fame 
with the given Power, conſequently 54a ＋ 4e — 6 is the Cube 
Root required. | 

But it the new Power, raiſed from the ſuppoſed Root (being 
Iuvolved to its due height) ſhould not prove the fame with the 
given Power, viz. if it hath either More, or Fewer Terms in it, 
Sc. Then you may conclude the given Power to be a Syd, and 
muſt have its proper Sigz prefix'd to it, and cannot be other- 
wiſe Expreſs d, until it come to be Evolved in Numbers. 

Example 5. Suppoſe it were required to eatract the Ce 
Root of 27aaa + S ＋ 8bbb. 

Here are Two di/tirct and perfect Cubes, viz. 27aaa, and 8, 
whoſe Cube Roots are 3a and 25. 

Wherefore one may ſuppoſe the Root ſonght to be 34 F 2b 


which being Involved to the T hird Power, is 27004 + $4baa 4- 
36bba ＋ 8b. Now this new Raiſed Power hath one Term 
(viz. 26bba) more in it than the given Power hath ; but this 
being a perfect Cube, one may therefore Conclude the given Power 
is not fo, viz. it is a Surd, and hath not ſuch a Aoot as was 


Required, but muſt be Expreſs d or ſet down, 


Thus 3. ada + 5 F 87. 


If theſe Examples be well underſtocd, the Learner will fund 
it very eafie by this Method of proccedivg to diſcover the true 
Root of any given Power whatſoever, 


„ 


1 — 
2 


CHA-P. n 
Of Algebzaick Fractions, or Bꝛolten Quantities. 
Sect. I, Notation of Fradtional Quantitics. 


| Fractional Quantities are Evpreſsd or ſet down like | ug 
Fractions in common Arithmetick. 


a 2 56 — 4a NAumerators. 
F. 12 % 4d +7b Denominators. 
3 How 


164 Algebꝛa. Part II. 
How they come to be fo, ſee Caſe 4. in the laſt Chapter of | 


Dirifion. Thee Fractional Quantities are managed in al 
reſpœcts like Vu gar Fractions in Common Arithme tick. 


Sect. 2. To Alter, or Change different Fractions in- 
to one Denomination, retaining the ſame value. 


aulr. 


Multiply all the Dexominators into each other for a New 
Denommator ; and each Numerator into all the Denomnators but 
its own, for New Numerators. | 


Examples. 


: a 1 "of one De? 
Let it be required to bring and — % on O ** 
| C mat. 


c 
Firſt a X c, and d xb, will be the Numerator s, and b xc, 


will be the common Derominator, viz, „ and gh are the 
c c 


Two Fractions required. That is 8 and £4 A. 


to 5 be © © 
b e c 


. A ps » . * 
Ag un, let EZ and ,—— 7 be brought in one Deromination, 


And they E | be—t4— 5 an _nc ld be ED 
will be ta +bb—da—bd. bag bb da- 


Seck. 3. To Bring whole Quantities into Fractions 
of a given Denomination, 


UAule. 
Aſſhilti pjy the whole Ouantities into the given Denominator, for 


Nimerator; nder which Subſcribe the given Denominator, aud 
you will have the Fraction required, 


Example Lo - 


Jet it be required to bring 2 + + into a Fraction, whoſe 
Derominator is d - a, Firſta + bxd — a is da ＋ d — aa — bs 
; da + td an be 


Then —— —_— — is the Fraction required, 
Again þ += will be ET. And 7 — 2 
will be 9 — dn 


1. 
. Alba +b+ vil be 225 
: „ 
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When whole Qratities are to be ſer down Fraction-wiſe, 
Subſeribe an Unit for the Denominator. 


Thus ab, is 47. And e —bb, is 5 


&c. 


Seck. 4. To Abb:eviate, or Keduce Frafional 
Onantittes into their Loweſt Denomination. 


Aule. 


Divide Loth the Numeratoy and Denominatoy by their greateſt 
common Diviſor, viz. by ſuch Quantities as are found in both; aud 
their Cuotients will be th? Fraction in its Loweſt Term. 

aac . aa abbh . bb 
Thus 7 15 F & And ps 5 158 * Alſo a ＋ = = 6 + dl. 

In ſuch Single Fractious as theſe; the common Diviſors (if there 
be any) are eaſily diſcover'd by Inſpection oy; but in Compornd 
Fractions it often proves very Troubleſome, and muſt be done 
either by Dividing the Numerator by the Deuomi nator, until 
nothing Remains, when that can be dome: Or elſe find ing thezy 
common Meaſure ; by Dividing the Denominator by the Numerator, 
and the Numerator by the Remainder, and fo on as in Vulgar 
Fractions (Sect. 4. Page 51.) 


Examples. 
Suppoſe 9 — _ were to be reduced Lower. 
Then ca — dd) aac — and (SE the Fraction required. 
— aad a | 
aac — an 
O O 


In this Example it fo happens that the Numerator is Divided 
juſt Off by the Denominator ; but in the Next its otherwiſe, 
and requires a Double Diviſion to find out the 04444007 Atea- 
ſure. Viz, Let it be required to Reduce ana — al 


to ĩts Loweſt Terms. | aa t 246 + bb 
Firſt aa + 24> + bb) an—-abb (a 


aaa Þ 2aab - abb 
za — 2abb the Remainder. 
Then ==» 24ab - 2abb) an + 24b + 6b (— TR. = 
| an + ap. 26 24 
ab + Eb 
ab + bb 
0 0 


— aa + ab the Numerator. 
— 
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—— — 


Hence it appears that — 24a — 2abb is the common: Meaſure ; 
by which 24a abb being Divided. 


Viz. — 2a — 2&bb ) ana abb 


a 1 
ana T aab (—Z3+3 


— aab — abb 
— gab — abb 


O O 


Then -+- — is the New Numerator. 
26 


And V9 ww. + Lis the New Denominator. 
20-7 


I 2a + 2b a + 5 | 
But —- TT + I =T — == =— 7 the Numerator. 
I C . 


Let both be AMultiplied with :ha and you will have 


w 2 — þ the Denominator. | _ Chang mg the Kees of 
all the Qumtitivs, and it will be ws the New Fraction 
: 2 0a — ab aaa = abb 
Required, That 15 "4-3 — _ Tar + by 
dd bb 


Again let it be required to Reduce 1 


Ihe Common: Alraſure of this Fraction will be the eaſieſt 
mund (as appears from Trials) by Dividing the Denomiator by 
tle Niemerator, &c. | 


Thus dd % ddd — btb (d 


dld UU 
+ bbd —bbb ). dd —bb fd 
dd — bd FG 
+ td — bb) bbd i (b 
O O 


Hence it appears that bd — bþ is the commer Meaſure that 
will Divide both the Numerator and the Dexomixator. 
; * 


Corſe- 
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4 „ 24 3 . . 
Conſequently la 3 : : LI. is the New Minu- 


: Fator, 


+ db — bb 
ab — by 


O O 


And 3d — bb) _ ay _ (+ + d ＋ the New Denomi- 


Rl Ore 
+ ddb — bbb 
ddb — bbd 
Fo + bbd — bbb 
bbd — bt 
3 0 


Let both be Multi plied with b, and then you will 
4 * the Numerator. j of the Fraction 
have 4— ＋ bd + bb the Denominator. required. 
But if after all u uſed (as above) there cut be found 


One common meaſure to both the Numerator and Derominator, 
then is that Fraction in its Leaſt Terms already. 


Note, Theſe Operations will be underſtood by a Learner after 
he hath paſt through Multiplication, and Diviſion of Fractions. 


Fed. 5. Addition and Subſtracion of Fa@ional 
Quantities. 


The given Fractions being of One Denomiuation, or if they are 


not, make them ſo, per Sect, 4. Then 


Kule. 


Add, or Subſtract their Numerators, as Occaſion requires, and 
to their Sum, or Difference, Subſcribe the common Denominator : 


As in [ulgar Fractions. 
| Examples in Addition. 
1 bb | 4 ＋ þ 24 —b gs -—# 4+ 
| c a dJ Te 
21 aa 122. 2b — a 
. 
14213 ZERO FEST, a+ 
: C 4 3 A 1 a. 


—_— * 
r 
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Examples in Subſtraction. 


111vb 4-aal a +6 2a + Þ+c 2b 
| 0 _ d | d+e& 
>| bb 2b — 4 — ar —4 
e e a Te | d 1＋ a 
E VE mort 2a — 5 _ 7 b—a+d 
2 v1 7 . 2 4 T2 


Seck. 6. Multiplication of Fractional Quantities. 


Firſt prepare Mix d Quantities (if there be any) by making 
them improper Fractions, and whole Quantities by ſubſcribing an 
Unit under them. As per Sect. 3. Then 


Nule. 


Multiply the Numerators together for a new Numerator: And 
the Denominators together for a uew Denominator, As in Vul- 
gar Fractions. 


Thus ab 30 — 25 
FE 5 0 | 24+ e 
5 1 4a + 25 
Fir 
11 “r 1244 — 245 —qbb 
« cf | 24d ＋ ac 


Suppoſe it were required to /Zultiply 2a + 75 25 


with 35 A 4c. Theſe prepared for the Work ( per Sect. 3.) 
ww ul ſtand 


+ f ” $ 


2 


2 


ar X28. 


E 


| 3b E 4c 
1 
i 2 5 C 


4 644 — 71b dc - 190 ＋ ＋ per Sect. 4 


—_— 


NCB. 


| hs BY «| 
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— 
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* B. Any. Fraction | is A ultiplied with its 838 by . 


caſting Off, or Taking the Denominator away. 


Thus - a gives 5. For — X —= 


i tt 


b 


ba 
a 


— = . 


a 


Sect. 7. Divif on of Fra ĩonal 3 
The Practional Quantities being pre par d, as Directed in the 


laſt Section. Then 


Hule. 

Multiply the Numeyator of the Dividend, into the Denominatoy 
of the Divifer, for a New Numerator ; and Multi 
Tuo together for a New Denominator, As in hug 


755 the other 


ar Fractions. 


When Fractions are of One Denomination, caſt Off the 


5 
Let _ be Divided by = ” the Work may ſtand 
Thus = 27 . 2 7 per Sect. 4. 
Or Thus |xſ 24 a+b | aaa—bbb 
By; d ab 
| ab c—b aa — ab + bb 
1 c 
| 4 aa + bal aaa — bbtc 
12. 2 3] F dc — db aaa þ bbb | 
3 Bis 6 
Suppoſe it were required to Divide aa + + 
By a + b. Then the Work prepared will land . 
Thus <T by aaa qaab F 2abb aa + gaab ＋3 a8 
2 a + 40 G a + 5he {486 
ar +: gary 24 +3 (per Sect. 4.) 
aa ＋ 555 + 4 "* "0 + 


3 8 Divide the Numerators. 


Þ . | 
Thus, fe — were to be Divided by It well be 
'#h ) abi (- 2 the Quotient required, 


For 


— 
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E — 
—— — — 


N n ae ae 
For —} - But Tr, ab (per Sect. 4.) 


n 


ai — abb 
© 


Again, Suppoſe it were required to Divide 


By 2 x 246 L. ÞÞ Caſting Off e- @ into both, it will be 


4 
aa Þ 20b EY) aaa abb ( — _ &c. 
Sect. 8. Juvolution of Fra7ional Quantities. 


Aule. 


Involve the Numerator into it ſelf, for a New Numerator ; ond 
the Denoitiinator into it ſelf, for a New Denyminator; each 1; 
often os the Fover Requires. | 


| Thus |x| 2 
a 


3. b +42 
2 | 2 — e 
r N bb t 26d+dd 
16-212 na aa 2 — 206 cc 
DDP 4 aBId <tdd Þ add 
1@ 313 ann daa aaa — Zan + Jace — ccc 


$27, 9, Evolution of Fractional Quantities. * 


If che Numcrator and Deuominator of the given Fraction hav | 
each of them ſuch a Root as is required; (which very rar. 
happens) Then Erolve them; and their Keſpective Roots willi 
the Numerator, and Denominator of the new Fraction required, 


gnabb aa I 2ab 4 bb 
| Thus|1| add . aa — 2ab + bb BY = 
; B A f 
| I ww 2 2 24 | a —b 
: 27, gad + 2naab + 2abb I bbb 
| Agi r Bad © 4 7 Tn 4 0 9 b 
DS. 13 a +b 2 
1 un j J _ 8 


Sometimes it fo fills out, that the Namerctor may las 
fuch 2 Aci $s 1s required, when the Dezomreator ha h ni 


; 
; 
7 
05 : 


it. ——_— 
— 
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Or the Derominator may have ſuch a Root, wien the Nunicro toy 
| hath not. In thoſe Caſes the Operations may be ſet Jown 


bb aan ＋ 4bb — dd 
i | 4%b — dd 
| add = ＋ 225 ＋ bb 
PL, a aaa + a4bb +; 4 . 
121 Jud e e 


—— 


— — — - 


But when neither the Nerator, nor the Pepi, tor have 
inſt ſuch a Root as is required; prix the Kadivel g wn the 
Root to the Fraction; and then it becomes a Sd. us wn the uit 
Step, which brings me to the buſineß of manogire Sure. 


CHAP. IV. 


Of Surd Quantitics. 


The whole Doctrine of Surds (as they call it ) were it fully 
handled, would require a very Larg? Explanation (to render it 
but Tolerably Itelligible ) even cnough ro fill a Treatiſe it ſelt; 
if all the Various Examples that may be of uſe to make it / 

* thould be zyſerted; without which it's very 7»tricate and Te- 
— ſome for a Learner to underſtand. But now thefe Ted/ons Re- 
| ductions of Surds, which were heretofore thought * ro fit 
A.quations for ſuch a Solution, as was then 7d-r{tond, arc whoily 
* aſide as zſeleſs: Since the New /M»thods of Reſolving all forts 
i ct Fgquations renders their Solut jon Equally Ei ſiæ, alt ugh their 
bs Fowers are never ſo high, : | | 
Nay, even ſince the true uſe of D-crmol 4rithmetick hath beet 
well zzderſtood, the buſineſs of Surd Numbers has been 5 
that way; as appears by ſeveral inſtances of that kind, in Doctor 
Willis's Hiſtory of Ag. bra, from Pogo 23 to 29. 
{ ſhall therefore, tor Brevities ſate, pals over thoſe redions 
Reductions, and only thew the Fou. g Ag raiſt how to deal 
with ſuch Serd Qugutitics as may ariſe in He Solution of hd 


Cue ſt ions. | 
Sed. 1. Addition, and Subſiracion of Surd 
Onantities. 


Caſe 1. When the Sud Ruontitics are Flommg real ( dix. 
= fre like ) Add, or Sul ſtrart the Rational Part, it they are 
| „ joined 


— — 
— — . 
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joined to any, and t: to their Sum, or Difference, Adjoin the | 
Irrational or Surd, 

Examples in Addition. 
| 5 De 6b Vdc | * Jaa + ce 
1 4 ͤ VL 5 Jaa A- ce 

1 ＋ 2 12 wn 10 g ® 4b Vaaorie | 
P F 44; ar „ ＋ v aa aa pd 
a8 / a |— . bean pd 
1+ 1 le 4 Jaa ＋ 
Examples in Subſiraction. 
5 12 U be 106 ae 45 Je Tce 
2 OY 45 Q ae = | zy Jaa +ec 
1— 2131 54 * S Jac 5 n 
11 542, b e So ab JET 
21 42 42 . be. Jaa 
3 4 4 % A a 
2 aſe 2. When the Surd Quantities are Heterogeneal (vis. 


their Indices are wilike) they are only to be Added, or Subſtracted 
by their Sig2s, viz. I Or — And from thenee will ariſe Sird; 


either Binomial, or Ke ſidual. 


1 
2 — 
þ LT 1 Ie: + v balga Va: TL vac\' I . 
—— 


b 35 Jac 


Examples in Addition. 


14 GS 
Vara 


1 
2 
2131 


Examples in Subſiraction. 


Ve þ— & Vaan 2 ＋ £6 
a 4— 22 MTA. 


—— — 


W — Vaca + ca: 1 + 2a V — 


WWW 


1 
om — — 


| 
i 


1 


* 


Ser J. 
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| Seck. 2. Multiplication cf Surd Quantities. 
Caſe 1. When the Quartities are Pure Strds of the ſame kind : 


Multiply them together, and to their Product Prefix clicit 
AKadical Sign, 


Examplos. 
if 75 \ ba T da aan + bb 
3 For. a ; ta + aa wb, 
1x2[3} Jia | \/ bcaa T das Jaaa — bbbb 


2 — ͥ —— 


Caſe 2. If Surd Quantities of the ſame kind (as before) are 
joined to Rational Quantities, then Multiply the Rational into 
the Rational; and the Surd into the Surd, and join their Products 


together, | 
Examples. 
II be 50 ba Þ da 15 Ja 
2 36. / 4 za ca , 594 
213] 3dbybea eee, e 


Seck. 6. Diviſion of Surd Duantities. 


Caſe 1. When the Quartities are Pure Surds of the fanc kv, 
and can be Divided Off (viz. without leavivg 0 Remind.» | 
Divide them, and to their Ne, prefix their KRodical S194, 


Examples. 
I Va ; N bras. + denn SET _ bbbb 
| 2 3 ea * aa — bb : n 
Te213]_ A L | JaaFlbk 


Caſe 2. If Surd Quantities, of the ſame kivd, are i, 
Rational Quantities; then Divide the Rational by the KWalinw”, 
if it can be, and to their Quotient, join the Muoticut of the Se, 


Divided by the Surd, with its Firſt Radical Sig". 


Examples. 
I5cda | braa + dc | 75 atd 
J Ry On oc. Dus 


cd Da Ad 146774 


ie its Root. 
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Not”, if any Square be Divided by its R 20t, the Cuotient will 


Examples, 
| ri} @ | bb + 2bc pe anan — 2bban L bbbb 
| 2 Lola tf þ6 + 2be + 1 a* — 2bbaa + bo 
1 +2 4 Jalybb+z2c+c | Ja'— 25 + bi | 


Seck. 4. Involution of Surd Quantities. 


Caſo 1. When the Srrds are not joined to Rational Quantities ; 
they are Iuvolved to the fame height as their /:dex denotes, by 
only taking away their Radical Sig. ä 


Examples. 
[| La 3 aa — bb v 5a da 
1@2|2 E- br} a2 bÞ& 5a — da 


—— — — — 


C:ſo 2. When the Surds are foined to Rational Quantities; 
Iurolve the Rational Quantities togthe ſame height as the Index 
of the Surd denotès; then Multiply thoſe Inro/ved Quantitic: 
into the Smd Grontities, after their Radical Sign is taken away. 


As bethre. 


Examples. 
5d ca 2b Jaa = dd 
25 ddca g9bbaa -- 9bbdd 


— — — — 


x 


114 
10 212 bba 


{Tf av tc | 3d Van + bb da NVA 
19312] aaa 27Addda - 27ddd5b addaant 


The Reaſon of only taking away the Radical Sig, as in Caſe 1. 
is eaſily conceived, if you conſider that any got, being Involved 
into it ſelf, produces a Square, &. 

And from thence the Reaſon: of thoſe Operations performed by 
tlie Second Caſe may be thus Stated. 


Suppoſe * a = x. Then Ja = — per Axiom 4. and 
both S/4es of the Æquation being Equally Involved, it wi 
be a = — Then Multiplying both Sides of the LEquation j 
into , it become bba = xx per Axiom 3. 

V\ Uich was to be proved, 3h 


Aguy 


— 


016 


Again, Let 5% c —=x. Then \/ca — = 


And ca = =7 Conſequently 25ddca — xx 


Alſo from hence it will be eaſie to d-duce the Renſor t 
Multiplying Surd Quantities, according to both the Caſes. For 


Suppoſe < . 14 22 Example I. Caſe I, 
16234 5 =zz 
26-2 4] 4 ==ax 
2x41\5| ba = xxxx. per Axiom 3. 
5w 261 La = zx. which was to be proved. 


—— — 


— —— 
— — 
— — 


—— 


Let Ul: 23 Example 1. Ciſe 2. 


C2] 36% /a 

I 243 I 2 

2 2 3½¼ J = 
3 


4*3 15 | ca — T7 from what is proved above. 
354 bea xx, &c. for the reſt. 


. 


2 


— — — — 


ä 


G 
— „„(,fä̃ — 


— 


_ ſion being the converſe to Multiplication, needs no other 
Froof. | 


CHAP. V. 


Concerning the Nature of Xquationgs, and how to 
| prepare them for a Holution. 


When any Problem or d ueſtion is propoſed to be Analytically 
Reſolved; it is vary requiſite that the True Defigy or meaning 
thereof, be fully and clearly Comprehended (in all its parts) that 
ſo it may be Truly Al ſtracted trom ſuch Ambiguous words as 
Queſtions of this k:nd are often Qiſguiſed with; otherwiſe it will 
de very Difficult, if not * jet to ſtate the Queſtion right in 
its ſubſtituted Letters, and ever to bring it to an AFgratior, by 
ſuch Various Methods of Ordering thoſe 3 as the Nature of 
the Queſtions may require, 


2 


Now 


—————  — 


Part IT. 


Now the krnrowledg! of this Difficult part of the work is only to 
be btained by Practice, and a bare fil minding the Solution of 
tuch Leading Net ion g as are in Themſelves very en ſie. 

And tor that Reaſon I have zuſerted a Collection of Several 
Gur ſtions; wherein there is great Variety. 

Having got ſo Clear an Underſtanding of the Qze/tio7: propoſed, 
as to place down all the Qzartitzes concerned in their due Order, 
vix. all the Subſtituted Letters, in fuch Order as their Nature 
Regiires; the next thing mult be to Co ſider whether it be Limited 
or not, That is, whether it Admits of more Anſwers than One. 


— 


Aud to Diſcover that, Obſerve the Two following Rules. 


Nule. 


hen the Number ef the Quantities oreht, Exceed the Num- 
ber of the g'ven Equations, the (Queſtion is capable of Iunume- 
rable Anſwers. 


Example. 


Suppoſe 2 Qre/?io7 were propoſed thus; There are Three ſuch 
Aumbers, that it the Firſt be Added to the Second, their Sum 
will be 22. And if the Second be Added to the Third, their Sum 
will be 46. What are thoſe Numbers. 

Let the Three Numters be repreſented by Three Letters, thus, 
call re Firſt a, the Second e, and the Third y. 


1 4-70= 43 according to the Queſtion. 
Ihen 4 133 ng Queſtion 
Here the Number of Quantities Sought are Three ; viz. a, e, 9, 
ax] the Auaber ef the given Æquatious are but Teo, Therefore 
this Cui is not Linited, but Adinits of Various Anſwers ; 
becanſe tor any Ore of thoſe Three Letters, you may take any 
Nun er at pleaſure, that is Leſs than 22. Which with a 
littl- cor fideration will be very Eaſy to Conceive, | 


Nule 1. 


Ihen the Number of the given Aquations (not depending 
1 po one another) are juft as many as the Number of the 
Gumnntities ſought ; then is the Queſtion truly limited, viz each 
Guantity ſought hath but one Single value. 5 

As for inſtance, Let the aforeſaid Queſtion be propoſed thus. 
There are Three Numbers (, e, and y, As before) 
if the Frr/t be Added to the Second, their Sum wall be 22 1 


— Ucducing Zquarions, EI. - 


> — 
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if the Firſt be Add to the Third, thelt Sum will be 36. What 
are the Numbers orcs tris bf DEE 


That is, 2 Ee =22.e+ y = 46. and a +5 =36. 


Now the Queſtion is perfectly Limited, each ſingle Quantity having 
but one ſiygle Value, to wit a == 6, e == 16, andy = 30, 


N. B. If the Number of the given Fquations exceeds he 
Number of the Quantities ſought ; they not only Limit the Cube 
ſtion, but of tentimes render it impoſſible, by being propos d lu- 
confiſtent one to another. | e | we 

Having tyuly ſtatzd the Queſtion. in its ſubſtituted Letters, and 
found it Limited to one Anſwer, (or at læaſt fo bounded as to have 
a certain determinate Number of Anſwers ) then let all thoſe ſul- 
ſtituted Letters be ſo Ordered or compared together, either by 
Adding, Subſtracting, Multiplying, Or Dividing them, Gc. ac- 
cording as the Nature of the Cue ſtion requires, until all the Au- 
noun Quantities except One, are caſt Off or vanished ; but there- 
in great Care muſt be taken to keep them to an Exact Equality ; 
and when that zxknous Quantity, or ſome Pewwe? of it (as Square, 
Cube, &c.) is found Equal to thoſe that are known ; then the C 
ſti92 is ſaid to be brought to an Equation, and conſequently to à 
Solution, viz. fitted or ai Anſwer. 5 . 

But no particular Ridles can be preſcribed for the Caſting oſt, or 
getting away ende ut of an 3 $939; that part of the Art 
| is only to be 6btatned By Care and Practice. And when that is 
| done; it generally happens fo, that the wnkrown Quartity which 
is retain in the Aguation, is 10 mix d and Frtargl-d with thoſe 

that are-0w2 1;- that ' ir-often Requires ſome Trouble d Sto 
bring it (or its Powers, &c.) to one Side of the Fquation, and 
| thoſe that are kzozw7 to the other Side; / ſtill keeping them 0 2 
juft Equality) which the [7g2n70us Wan Scooten in his Pziucipia 
| Wacbeſeos Univerſalis, calls Reduction of Aguations, © ©» 


The Buſineſs of Reducing Equations (as of moſt; if not all 
© Algebraiek» Operations) is grounded and ee upon a right 
Application of the Five Axioms propoſed in Page 146. and there- 
fore, if thoſe Axioms be well Underſtoo@, the Reaſon of ſuch | 
Operations muſt needs Appear very plain, and the Hort be eaſily 

* performed ; as in the following Sections. 

; ——— T_T... 4 3 


2.1 A 3 Sect: 


232 
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Self. 1. Of Redufion by Addition, 


Reduction by Addition is grounded upon Axiom 1. and is only 
the Tranſp _ (viz. the Removi! 72 of any Negative Quantity 
from either 4 of an Æquation to the other Side, with the Siga + 
before it; as in theſe 


Examples. 
—_— 


a= 
en|2 amd +b 1 aa - A4 2 t 2 44 
1 or; | 


bb 1＋4 (2 aa=c—aa+d4 


— 47 242 BIE = = 
132 — 42 Ry a Note, When any abſolute 122 2 4 

l ks 2134 a=6 C776 ">, ogy 2. „% deal it 
2＋ a 3a = 6 le. from the other Numbers, As 7 in ibe 


2d Step ae Lo this . 


— 


Let Ul 4. — b — dd — 2ba 
Ila — dc =d4—2ba - 
2 »þ dc[3]aa = dd 2ba + þ + dc 
3 + 2ba| aa Þ 2ba=dd-+ b -þ- dc 


Suppoſe 


I 2M = f = — 3bas — ace 

I-+ aaa 2] aca -+ 24a - d = ec — 3baa 

2+ 2hew's aaa + 3baa + 24a — A = cc 
—3+ #14 | aaa ＋ 3baa + 2da c + &, Kc. 


Sed. 2. Of Redudion by wabſiracion. 


— by Subſtraction is grounded upon „ Axiom . and is 
orm Tranſpofing (or Removing) any Affirmative unn 
— either . e ' ation, 2 — Side, "no the 
Sign — before it. As in t 


* — 


— 
— 


Ecamples. 
Suppoſe |1] a + þ Let III 34 ＋ 4= 6+ 
And 5 = — 42 1 2 $=6— 
1 — 233 3 E27 128 42 


Suppoſe 1 e dd + 2a 

1 — 2a +de - B= 

2 — del - 2a + b— dd = oc 

23 l= — 2 = dd — de —b 
——— — ————C—— — — —e——0. 


S828 
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Let III 444 ＋ A ce —+ Zzaa - 2d | 

1 — 3baa|2| aan — 3baa + de = ce + 2da 
2 — 24a|3) aaa — 3baa — 2da + d cc 
3 — 2 141 aaa — 3baa — 2da = A 


— — 


— — Gene 


ect. 3. Of Redufion by Pultiplication. 
Fractional Quantities in any Æquation, are brought into whole 
Quantities; by Multiplying every Term in the Agquation with 
the Denominators of the Fractions, per Axiom 3. As in theſe 


| Examples. 
Suppoſe 1 6 
| 
Then * 6» 5 = 20, For — = F. 
WON] 3 — 8 
| dc da 
Let II 3 Sol | ==þ 
1* 25 |2 6 dr 114 —5 2\aa - dd 3 
| fa ns . 
Suppoſe |1 5 + = 
Ixb 2a ＋ bc 1 == 
21 Izlaaa -Iea + bfa== dxb 3 
Soppole, 1x e 
=O 0 4 — m = | 
Ixa+3 Zlaaaa + baaa = baaa — bbaa — bbla-+ bbbb 


— ²˙ ! ²˙tD O 


— 


Seck. 4. Of Redstion by Diviſion. 
| When any Quantity (either known, or 1nknown) is in every 
Irm of an Equation ; if the whole Æguation be Divided by 
f og” it will be Keduc d into Lower Terms, per Axiom 4+ 
Ane 


et 1 — 7 Examples. 
7 0 
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| Examples. ; 
Suppoſe| i baa -+ bea — bd Let K aa == 74 
1 la la +a = 1 1612] 8=<=7." 


Let ILT +ffean—f fa * r * 
2 r tt. 3 BY 
2 - — 4 1314 a ＋ c — 13 1 * Mo on TR 1 4 


— 


the dern 0 is Multiplyed (viz. j joyr d ) with 
any that is k&owr ; let the whole Æquntion be Divided by th 
«1009 Quantity, that © the 5 may be C . 

As in theſe 


Examples. 5 
Suppoſeſ iſba ca = d| Let Ic — daa = ad 


| d—dd 
PIE = 1 TING == 


— 


Suppoſe|1 I (bhaaa — 2bbag = — — Ms + i Fab ; 
I ＋ a |2|baa — 2ba =d4 +c 

| d -j-c 

2—b z 44 — 2 2 


| 


* 
— 2 2 ' —— — — 


Let [1 149420 ＋ 4244 = zich EAI ; 
3-7 126 7aaa o+ 6aa = bra + 3ca 
2-—8 |3] 74a ＋ 6a = e ＋. 30 % 
CE I 2 be Ze 8 5 
TIRE. ane 


— — 


Sect. 5. Of ReduBiun bs Involufion,” . 


When there happens to bę an quatioz, betwedn any. Home 
-2neal or like Surds; Take away the Radical S from the 
Quantities, and they will become Rational. N „ 
As i in theſe 8 8 ede 


arp 2 1 10 70 10 32. 
1 2 e e 2 MW eatyd , TI per fect. 
4 — | A 188302 650 1 4 ee Ee hg 


N ur 71 ry enn ket] 


—_— 


«C1 th W i 


Or if « ons Sid: of « F quation conſiſts of Sura ties, 
1 wh che ocher Si de be Kat ww! Then Inyolve the Rational 
og ne | OO Quanth 


i 


a 


. 
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Quantities to the fime Power (or height) with the 1 5 tlie 
Surd, and take away the A adical Siga. 


As in theſe 
Examples. 
Let |; of a= ;Suppoſe|1 UA. . 
1@ 2 2 [1 6-2)2l” 2 -bba+ 2be -i> ec: 


Suppoſe|1|s A —ta=d Let 1]s yan 27 
5 = ob LM 18 502 | 0a" 116897. . 


Sed. 6. Of Reduction by Ebolution. 


When any Single Powerg of the Unknow! Quantity is on ne 
Side of an Æquation; Evolve both Sides of the Æauatiou, accor- 
ding as the Index of that Power _— ang their tf will be 
E al. As in theſe _ 


$ 
Ecabiplei, uke 4 


Ila = 36 Let 1144 27 3 — 8 
| . 88840 1 ww 312 a =W/27S= bh 


ant bb — — dd Let 2 + 3bbc Tier F 
21 a=4/bh—dd rw 314 —=bÞ 0h 


Or- it any Cor Re — the unkeowntQua ntity; be at 
one Side "rhe Aquation (That Hatha tra Root of its kind) 
| * Evolve bd — of qd uation, and. "IT be Depreſs d 
uro Lower Terms. e ſe 5 7 21 
Pak, : + | 


— ow 


„ - 
0 * 


Suppoſe 


I 2. 


Soppoſcſi 


I uo 2 


— 


Suppoſe] 144 T 25a + * 2 — adj 4 — 2h Ub = Adi 
| | I w2|2 wk ape 5 2 Sac. oa AT 
11 —— 55 e 2 
Here wa few Dan 1 C wy unt wherein 
a all the Qt 3 promiſ hy uſed, by 150 Sy 
| on req \s nA 


a 1 1732 : * — — LY IN , W 1 
* 12. _ = Wu Ws = — i | 5 
& + ; 5 * „ 


2 — 
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2 x 603 baa Te- -4g 44 

3 ＋. 444]4 baa+qaa + be- 4g | 1 

4 + #d\5,baa FA e A N 
665 +qaa g Þbd4—bc 


SS _48+bd—bc 


| OE OEICELS As was required 


1 2 
1 R ä . 
NF Example 2. | 
0 a 7 
N ofe . . What is the Value of a. 
1 1 | 
4 1* 4204 77 
5 | Ws * | + 354 3542 
F 2 x 354 — 43025316—44 2344 
3+42|4|444 = 125316 


454/3[e@ =31329 is 
3, 2/0 = 31329 = 177 the Value of a requir d. 
I Jaw > 2 3 mY n i *— 
Erample z. 
= 


þ 


* 
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baa aa baa 1 =» 96. 
f c 
a za bba* 4 — 93% 
SON TT OS ee 
bas a bbadv a6 —g9þ ba* 
75 ITT 4 © 
9052 2. Bas 
7.2 26 4 
a* 9⁵² a* 
8 5 1 
. gcch 
9 xc roſba: e 2 ca 


10 *I + gechs = eat 
11 - 4þa*412|9ccb? = 4ca% - 4H 
g9ccb®3 


I2 ] Jaaaa = 


| "EP 
For|13 40 — 4b x av = SP 4 
13 un 2 14044 2 * * 
44 
I4 u 2115 a —= * — As was * 


1 — — 
* 


— — — — 


By help of theſe Reductions (properly Applied 22 Unknows 
Quantity, (a) or its Powers, are Cleared and brought to one 
Side of an Agquation ; and if the Unknown Quantity (a) Chance 
to be Equal to thoſe that are known, the Queſtion is Anſwered. 

A: in the Firſt Example of Sect. 1. and 2. 

Or if any Single Power of the Unknown Quantity (a) is found 
Ejual to thoſe that are known, then the Reſpective Root of the 
down Guantities, is the Auſiber; as in the Firſt Four Exam- 
ples of Sect. 6. &c. uh 

But when the Powers of the Urzknown Quantity are either 
5 ed with their Root; As aa ＋ ba = dd, &c. Or do conſiſt 
5 cf Different Powers ; As aaa 4 baa = dd, &c. Then they are 
Called Aﬀected, or Adfected Fquations, which require other 
Methods to Reſolve them, 32. to ent the Value of (4 ) as ſhall 

de thewed on. 


— — — — 


' CHAP... 


hs 
—_—— * —— — 


* 
— 
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Of P2opoztional Quantities; both Arithmetical, Geo, 


mettical and Puſicliull. 
What hath been faid of Numbers in Arithmetical Pregresfion, 


Chap. 6. Part 1. may be eaſily Applied to any Series & | 


Homogene al or Like Quantities. 


Seck. 1. Of Quantities in Arithmetital Pꝛogꝛeſũion. 


Thoſe Cuantities are ſaid to be in the moſt Simple or Natur! 
. 4 9 that begin their Series of Increaſe, or Decreaſe with 
a Cypher. 3 5 
Thus JO: 2 : 24 : 34: 4a: 3a: ba: & Increaſing. 

O 2 4: 24: — 34: 44: 54: Ga: & . | Necreaſry. 

Or Untverſallr, putting a the Firſt Term in the Progye 5ſt, 
and e the common Exceſs, or Difference. 1838 
Then {© :aÞ+eiaÞ2etal3e tak gets Te: a. KC 

a 


-e: a 2e: a 3e: a- e: Ae :4 Ge: &.. 


In the Firſt of theſe Serzes it's evident that if there be but 
Three Terms ; the Sum of the Extreams will be Double-.to the 
Mean. ä | 5 

As in theſe, o: 4: 24: Or, a: 24: 34: Or, 24: 34: 44, &. 
viz. 24. Oo 4 + a; Or, a Þ 2a = 24 ＋ 2a, &. 

Alſo, in the Second Series, either Increaſing, or Decreaſing 

it's event, that if the Terms be a: a “-e: ＋ 2e, &c. Ir 
ereaſing ; Then a Fa 2e, ' viz. 242 ＋ 2e the Sum ot de 
Exireams, is double to a Te the Mean ; Orif they be a: — 
e: — 2e, &c. Decreaſing, then -a 'a — 2e: viz. 24 — Y 
the dum of the Extreams, i is Donbie to a e the Mean 

ſo it will be in any other Three of the Terms. Secondly, If there 
are Four Nrms; then the Sum of the Two Extreanu, will 
Equal to the Sum of the Tivo Means. As in theſe, 238 e 
a + 2: a ze, in the Series Increa ſing; Heres + 4 2+ 37 
— a 4. 9 2 ＋ 3e. Weine nnn N. : 

Alſo-in. theſe, au — ea — 22 3:4 — ge in the Series 
Decrea ſing 5 here A + (0 — 3e — > + a 2, Kc. Ut 
any other Four Terms, | ; : 

Conſequently, If there are never ſo many Terms in the Serie“, 

. the Sum of the Tio Extreams, will always be Equal to the - 


tc 4 
o 
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of any Two Means, that are Equally Diſtant from thoſe Extreams- 

As in theſe, a: a Ke: T0: 4 + 3e: 4 ＋ 47: 2 ＋ 5e: &c. 

Here a La L Se a T4 44 ＋ 2e 144 1 ze, &c. 

And if the Number of Terms be Odd; the Sum of the Two 

Extreains will be Double to the Middle Term, &c. As in Corol, 1. 
Chap. G. before mention d. 


Conſectary 1. 


IW hence it follows, (and is very eaſy to concei ve) that if the Sum 
of the Tuo Extreams be multipliedinto the Number of all the Jorma 
in the Series, the Product will be Double the Sum of all the Series. 

Now for the eaſier reſolving ſuch Queſtions asdepend upon theſe 

'F Progresfional Quantities. 


Ca — the Firſt Term, as before. 
y = the Laſt Term. 
Let e = the Common Exceſs, &c. as before. 
, | N — the Number of all the Terms. | 
LS — the Sun: of all the Series, viz. of allthe Terms. 


Then will a + y « N= 28, by the precedeut Conſectary : 
2 7 Na I Ny 
That is, Na - Ny == 2S. Conſequently — $ =-8, me 


ne WW Sum of all the Series, be the Terms never ſo many. Thirdly, In 
theſe Series, it is eaſy to percerve, that the Common Diff 'rence 

e. (e) is fooften Added to the Laſt Term of the Series: as are the 
2 Number of Terms, except the Firſt ; That is, the Firſt Term (a) 

1, WW hath no Difference Added to it, but the Laſt Term hath fo many 

th times (e) Added to it, as it is diſtant from the Firft. 

he WF Conſequently, the Difference betwixt the Two Extreams, is only 

che Common Difference (e Multiplied into the Number of all the 

2 W Terms Leſs Unity or 1. 

md WE That is, M—1 «x e=y— a, the Difference betwixt the 

ere No Extreams, viz. Ne —=e =y — 4. 


5 Conſectary. 2. 


} 


I hence it follows, that if the Difference befwixt the Two Ex- 
treams be Divided by th: Number of Terms Leſs 1. the Quoti- 
in ent will te the Common Difference of the Series. 


E b Now 
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Mw by the help of theſe Two Conſectories, if any Three of 


the f Aid Five Parts (viz. a y. e. N. S) be given; the other | 


Two may be Ea ſily fouiid. 


Na -' N 
Thus, Ml Roby Oy" 
eee As before. 
333 N=—1 


21 1 3 y— 4 ip = 


4 — SL TT = MN The Number of Terms. 
1 * 2 6 Na N 22 
92 1 EEa a 
7 N þ 8 22 5 The laſt Term. 
6 - 9] Na 25 — A 
—_ N 28 — N : a 
92 10 N The Firſt Lm. 
6— a-—Y | II = = — N The Number of Terms. 
— 8 
and 11112 1 — 1 s 
55 11 | 7 7273 Per Axiom 5 
12 * 2 +3 |13 5 = 2x 


2C 


13= 2 | 14 by — + £ 9 = STheSumof alltheSeries 


14 * 20 15 Jy — 24 + ac ＋ ye == 28. 
15 49 10 yy — aa +. ye = 2Se — ae 
16 —9 | 17 | yy — 44 == 28e — ae — ye 
17= | 16 2 _ e The (Common Difference. 
3 T4 1 Ne 4A y The Loſt Tm. 
19 ＋ 20 Ne Fa=y+e. 
20 — Ne | „Le- 4 The Firſt Term. 
&c. 


8 


* — 2E V OOO — — — 


In like Manner yon may proceed to find out any of the Five 
Quan titi s ( 0. e. by AT. S.) cotherwavs, viz. by Varying o 


Co paring of theſe Aquations one with another, you may 


Produce new Agquations with other Data in them; the ** 
I ib 


2) 


F. 
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- - —— 


| hall here omit prrſuzvg, and Leave them for the Learner s 


Practices 


* 
%— 


Seck. 2. Of Auantities in Grometrical Proportion, 


Goometriral ne continued has been already Defined in 
S-ct. Chop. . Part 1 And what is there ſaid concer ung, 
Amn bers 11 mi eaſily be applied to any Sort of Homegeneul 
Cuarvtiti:'s mar are in &. 

1he molt Natural und Seip Series of Geometrical Pro- 
Portio vals, is when it beguus wis h Ur; ity Or 1, 


JJC 4 Ke, in 
For 1: 4a : 4 : ͤ a:: ad : da:: aaa : anaa, &c. 


tes; 144 277 22 bs 


a aa aaa . 


2 * 45 þ4 " 
For 85 5: „ — 45 > ; 2, » 1 — . ,; . ned Rr 11 580 &c. 
a A 11 aa 83 1 


&c. are Terms in = 


That is, when all the middle Terms betwixt the Tue Extream; 
Te both Ci onf. cents and Antecedent S$, that Series is in Geomes 
tral Proportion continued. 

Therefore in every Series of Quantities in = all the Trins 
except the Laſt are Autecedents; and all the Terms except the 
Fi-/f are Conſequerts. 

but Dx verſally putting a the Firſt Term in the Series, 


and e the Kat io, viz, the Commore 7ultiplier, or Diviſor, then it 
will be 


a, as, ace. ace ACCC a . as. &c. in 2 


3 4 a 
Ora. =. . — . — . . Kc. are in & Decr. 
6 EO CVE eee e 


2 


gde 
For a: e:: ae: — = det, &. 


* . 


I. In any of theſe Series it is Evident, that if Three Quantities 


ae in & the Rectangle of the Two Extreams will be Equal to 
the Square of the Mean. 


As in theſe, a: ae, ace here a x ave = ae x ac. = ace, Kc. 


B b 2 Or 


EET EY” TOON ER OT” Le tt Hh. Mons 
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2 RRR * OINT 


Gs a a Aa a A aa 
Or a. —, — here all, ax— = -x— == Ke. 
e Es 2 "Ws | ee 


II. If Four Quantities are in = the Rectangle of the Extream; 
will be Equal to the Rectangle of the ears. 


As in theſe, a . a? . ace. acee . here a x 4e — ae x ace. 


4-5. a 2 aa 
Or a, —; 2 bere alſo aw — -M = e. 
„% /. eee e ee eee 


Conſoequertly, If there are never ſo many Turms in the Series 
of = the Rectangle of the Extreams will be Equal to the 
Rectangle of any Two Means that are Equally diſtant from thoſe 
Extreams. 


As in theſe, a. ae . age . gere. acece . ae; &. 
VIZ. ae ae ne. Or ae x4 = acee * ave = As, 


III. If never ſo many Quautities are in = it will be, As any 
one of the Artecedents is to its © . So is the Sum ol 
all the Autecedents, to the Sum of all the Conſequents. 


Ca. ae . aee . ace. acece. ae* , &c. Increaſing, 


As in theſe, a a a 2 24 
| | 4 =, — — , =—, Ke. Decreaſing. 
LP Be OO HEE EEE 4* 


#:42e::aÞ+ ge A ace + des + act: ae + ave þ aes Tae +405 


2 JJC 
Or a: — 1 AA f — 1 4—— 4 
4 %%%. a ww *- £ 
Viz. 4 x ae þ ace -p ares -þ- 22% + ae5 =aexa-\-aeþare+ ae + de. 


That is, the Rectangle of the Frireams is Equal to the 
Rectangle of the Means; per Second of this Sect. ; 

Note, The Ratio of any Series in & zncreaſing is found by 
Dividing any of the Conſequents by its Antecedents. 

Thus, a) ae (e Or e) ace (e &c. 

But if the Series be Decreaſing, then the Ratio is found by 
Dividing any of the Auiecedeuts by its Conſequonts. 


Thus, -) a ( Or 77 ) — (e &c 
| Conſe 
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Conſectary. 


Theſe Things being preniſed, ſuch Fiquations may be deduced 
from thin, as will ſolve all ſuch Queſtions as are uſually propoſed 
about (Quantities in Geometrical Proportion > In Order to that 


a ＋ The Firſt Term. N 
Let 2? The Como 3 as before. 
= y - The Loft Term. 
S The Sum of all the Terms. 


Then S - y - the Sum of all the Artecedonts. 
And S- 4 = the Sum of all the Conſequerts. 


Analegy. | 1 IA ::: S y: 5 Per che III. of this Sect. 
I | 2 ]S4—0a — ay — 449 
24 41 IS -A 59 
22 7469 
| 4 — S 5] —a=eS—sS 
| . 5 — s The Sum of all the Series. 
3 ＋ S—9y, 7 5 = e The common Ratio. 
34 1 es 22 —85 
8— el 9 o = =E = y The Laſt Term. 
+ alſno}S$S ey =eS +a 
15 SiS ey —eS—= 0a The Firſt Term. 


Note, The “ ſet in the Margin at the Second Step, is inſtead 
of Ergo ; and imports that the Kectangle of the Two Extreams 
in the Firſt Step, is Equal to the Rectangle of the Means. And 
10 for any other Proportion. 


Sect. 3. Of Varmonical Proportion. 


y  Hlarmonical or Muſical Proportion is, when of Three Quanti- 
ties (or rather Numbers) the Firſt hath the ſame Ratio to the Third, 

As the Difference between the Firſt and Second, hath to the Diffe- 
rence between the Second and Third. As in theſe following. 


Suppoſe a, b, c in Muſical Proportion, 

ns DE bd eggs ods 7 (of 

Io | 2| ch — a = ac - ba : "bas | 
% f 


»” 
7 


6 


Algebꝛa. 


2 2a 8 Sa 
. 
TI 224 The Firft Term. 
A = << + ba 
: _ == The Second Term. 
2de — ch ba 


= 
E — =c The Third Term. 


— 


„ ———————————t 


If there are Four Terms in 37ufi-al Pro portion, the Firſt hat! 
the ſame Ratio to the Forrth 1x 
and Second hath tothe 77; 


Then ]|1]a:d::b -a:4—c 
1142 db du da = ca 
2 ＋ 4 3 SY 24a — ca 
b & Shag 
e — — — — 8 EF . 
3 ＋ 2d —c 4 * y Is I 
Ha — ta 5 44 Ts 
3 52 | 6 db + ca = d 
| EG 7 |ca = 2da — db Pp 
4 ei, 
if 
"| * NS . Ter 
| [+ os ; last. 
7 * N — — — 
0 CHAP. VI. 


Lines, Ge. 


Of Proportion Disjunt, 


into Jnalogics, &c. 


Poportion Disjunct, or the Rule of Three in Numbers is al- 
ready explain d in Chap. 7. Part 1. 
fad is applicable to all Homogeneous Quantities, 27 of Lines t9 


. 


If Four Quantities (viz. either Lines, Superfices, or Solids) 
be Fro portional: the Rectangle comprehended under the Exfre a, 


che Difference between the Firſt 


f-rence between the Third and Fourth. 
That is, Let g. U c. d be the Four Terins, &Cc. 


and how to turn Equations 


And what hath been there 


2 


919 
10 


ds) 


2 55 
15 
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is equal to the Recta gle comprehended under the Two eos, 
(16 Eudlid 6.) | 
For [»ſtance, Suppoſe, a. . . d. to repreſent the Four 
Homog neal Quantities in Proportio”. 
viz. a: bie: d. Then will ad = bc, 
For ſuppoſe 4 — 24 then will = 2c 
And it will be : 24: : c: 2c. Here the Ratio is 2. 
but a x 2c 2a c. vx. 2ca ⁊ ac 
Or ſuppoſe 5 = 3a then will 4 = ze : 
And it will be a:3a::c:3c. Here the Ratios 3. 
but a x 3e'= 34 Nc. i. zar = Zac. 


Or Univerſally putting e for the Ratio of the Proportion, 
viz, making þ = ae, then will d = ce 
And it will be a: e:: c: ce 
but a xc = de „c Viz. ace = ACC. 


Conſequently, ad = be which was to be proved. 
Whence it follows, that if any Three of the Four Proportion! 


4ntities be given, the Fourth may be eaſily found. 
Ihus, | 


Let 1 la: :: cd. Then 

1 2 fa bc as before 
3 br 
- 3 5 ＋ 
2 72042 == 
FR h 3 ad 
28 | J 5 = * 
22241644 17 

Note, In this Manner Euclid 


in his $th Book ex pre ſſis the Ratio 
< of Proportiovals, wiz. the Ratio 


14 1 1 1. f 


If Four Quantities are Proportional, they will alſo be 


Proportional in Alternatio”, Inverſion, Compoſition, Diviſion, 
' Converſion, and Mixtly. Euclid, 5. Def. 12, 12, 14, 15, 16. 


That 
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2 


Thar is, if f 11225: : be in Direct Proportion, as before. 
Then] 24 :: 2: d Alternate, For ad = be 
And 3B: a:: d: 6 Inverted. For ad = bc 
Alſo 41a+ b:b: c++ d:d Compound:d. 
4 | 5|da e = - be + d That is, ad bc, as before 
Or GATS: : ＋ A4: 4 Alternately Com pounded 
6% | 7 lad ed eg A That is 24 e. 
Again, I 8 Ja -B: B;: 10 d: A Divided. 
872149144 17 — be — bd That is, ad = bc. 
Or | 10 | a — cicith — d: d Alternately Divided. 
10 * 111 44 — — ber cd That is, ad _ be. 
And | 12 a: Kaze: dc Converted 
12-133: ad £ ac = be + ac That is ad = be. 


Laſtly | 14a +b:a—b::c+d:c- d Mixtly. 
14 j 15 e be bad 
15+! 16 10 | 2he — 2ad ; That is, ad —= be As at firſt, 


— — — — — — — — — 


— 


Note, What has been here done about whole Quaztities in 
Simple Fro 2 may be caſily perform d in F7artional C uau- 
1 


tities ; And Surds, &c. 
For Inſtance, If cr :© A and it be required t 
find the Fourth N. 


it will be WE the Rectangle of the Means; which being 


Divided by the Firſt Extream = it will become 
ab =; — Md — ece __ — 5 


8 ( abfe 
Or if 17 1 1 Fe: 5 Term. 


Then is, d + bc x./ bd + Be == bd I be the Rectangle 
of the Means, And b ) bd L- bc ( 4 kc the Fourth Term. 


That is, 5: J T l:: Ad i bord Tc Kc. 


— the Fourth Torn, 


— 


Selk. 2. Of Duplicate and Triplitate Proportion. 


The Proportions treated of in the laſt Section, are to be under- 
ſtood when Les are compared to Lines, and n 
A- 


* 
* 
1 
5 
„ 
ty 


Sm. aa nd. = a a a= 


IN. 


"Y 


| Quadruplicate, Oc. of the Firſt to the Second, (viz. of 1 To a 


Equations into Analogies. 


n to ttt... at. 2. at 


3 6 hn * e ee — 2 n 
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Superfices ; or Solids to Solids ; viz. when each is compared to 
that of its like kind, which is only called Simple Proportion. 
But when Lines are compared to Superfices, or Linesare com- 
pared to Solids, ſuch Compariſons are diſtinguiſhed from the 
former, by the Names of Duplicate and Triplicate, (&c.) Propor- 
tions ; fo that Simple, Duplicate and Triplicate; (8c. Proportions 
are ro be underſtood in a different Senſe from Single, Double, 
Treble, Gc. Proportions, which are only as 1, 2, 3, Ge. to 1; 
but thoſe of Simple, Duplicate, Triplicate, &c. Proportions, is 
that of a. aa. aaa ., &c. to 1. Or if the Simple Proportions 


be that of a to , whoſe Ratio or Exponent is — or La 
according to Euclid s Way. 


aa 


Then - x _ 77 is the Exponent of the Duplicate 


And „ Exponent of the Tr. Pro of 1 
7 * 77 275 * N 
Cs 


And if there are Three, Four, or more Quantities, in = as 


1. 2. aa. ana. at , ns, &c. (As in the Firſt Series Se&F 2. of 


the laſt Chapter.) Then, that of the Firſt to the Third, Fourth and 
Fifth Sc. (viz. 1 To na. aaa. aaaa. ds is Duplicate, Triplicate, 


J 
And by Iwerfior, chat of the Third, Fourth; Fifth, is Dupl;- 


| cate, Triplicate, 6c. of that of the Second to the Firſt (a To 13 
per def. 10. Eucl. 5. But the Nature of theſe Proportions wi 


appear more Evident, and be eaſier underſtood when they are 


Applied to Practice, and illuſtrated by Geometrical Figures. 


Further on. | 


Dr 


RM * * * 4 . F 


Sen. 3. How to turn Aquations into Analogics. 


From the Firſt Scction of this Chap. it will be eaſy to conceive 
how to turn or Diſſolve Æquations into Analogies or Proportions. 
For if the Rectangle of Two (or more) Kantine, be Equal 
to the Rectangle of Iwo (or more) Quantities; then are thoſe 


Four (or more) Quantities Proportional. By the 16 Euclid. 6. 


That is, it 4b = dc. Then is a: c:: 4: h. 
Orea: :: d &c. 1 
From whende there ariſes this general Rule for turning 


Ce Kult: 
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A 


Rule, 


Divide either Side of the given Fquation, (if it can be done) 
into Two ſuch Parts, or Factors, as being multiplied tcg-ther, 
will produce that Side again ; and make thoſe Two Parts the Tu 
Extreams. Then Divide the other Side of the Aquation (if 
it can be done) in the ſame Manner as the Firſt was, and lt 
thoſe Two Parts or Fattors, be the Two Means. 


For inſtance, Suppoſe ab + ad = Id. 
Then a : b:: d: h + Ad. Or B: a:: b + Ad: & &. 
Or taking ad from both Sides of the Æquations, and 
It will be ab = 24 ad. Then à: d:: 6 - 4:6. 
Or, b:d::b —a:a &c. 
Again, ſuppoſe aa + 2ae — 2by+ yy. 
Here à and a + 22 are the Iwo Factors of the Firſt Side in 
this Aquatian ; for a + 2e xa = an A- 24%. 
Again, y and 2b +y are the Two Factors of the ot her Side, 
Therefore, a: y: : 25 + y: a + 
Or 25 - 5: 4 ＋ 20: : a: 5 &, 
When one Side of any Æquation can be divided into Two 
Factors, as before; and the other Side cannot be ſo Divided, 
then make the Square Root of that Side either the T'wo Extrean; 
or the Two Mears. 


For inſtance, Suppoſe bc + A = da ＋ g. 
Then F: / da +g::y/d+g:c+04 


Or Jda +g:b::c : da 1g. &. 


8 


C HAP. VIII. 
Of Subſtitution, and the Solution, of Quadzatick 
- Fquations, 


Seck. 1. Of Subſtitution, 


When new Quaztities not concerned in the Firſt ſtating 
any Queſtion, are put inſtead of ſome that are engag'd in it, tha 
is called Subſtitution, 

For inſtance, If inſtead of le — dc you put x, or al 
other Letter. 


That is, make z = N = dc. 0 | 


CA hy, hw CY 
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- | Or Suppoſe aa ＋ ba — ca þ da = dc, inſtead of - ce r # 
put 5, or any other Letter not engaged in the @ze/t:07, | 
Viz, s:=bB -er Then aa 4.54 dt 
That is, if c be greater than þ ＋ 4, it's aa + 5a ＋ dc. 
„ But if þ + A be greater than c, Then it's 24 + s =dc. 
And this way of Subſtituting or putting of new Quantities 
jk inſtead of others, may be found very uſeful upon ſeveral Occa- 

' lions; viz. in order to make ſome following Operations in the 
Queſtion more eaſy, and perhaps much ſhorter than they would 
be without it, as you may obſerve in ſome Qu tions hereafter 
propoſed in this Tract. 

And when thoſe Operations, in which the Subſtituted Quant:- 
ties were aſſiſting or uſeful, are performed according as the Nature 
of the Queſtion required, you may then (if there be Occaſion) 
bring the Original or Firſt Quantities into the Æquatior, in the 
Place (or Places) of thoſe Subſtituted Quantities, which is 
in called Reſtitution, as you will ſee further on. 


—— 


— 
* 


Seck. 2. The Solution of Quadratick quations. 
When the Quantity ſought is brought to an Equality with thoſe 


0 that are known, and 1s on one Side of the Æquation, in no more 

% than Two Different Powers whoſe Indices are double one to ano- 

Ins ther, thoſe Fquatiorns are called Quadratick Fquations Adfected; 
and do fall under the Conſideration of Three Forms or Caſes, 


Caſe 2. a2 — 2ba = dc. at — 2a == dc. 
Caſe 3. 2ba — aa = dc. 2ba* — at de. 


Caſe I, a + 2ba — ac. a+ hs 2ba* = df. 
0 And 5 


— 


as ＋ 25 — dc. as + 25% = dc. 
Alſo Jo — 2643 = And Jt — 2 = 40 &c, 
> 2ba) — 4 — dc. . 

When there happens to be more Terms in one f theſe kind 
of Aquntions than Two, and the higheſt Power of tlie unknown 
Quartity is Mulipli:d into ſome known Co-cffici2nts ; you mult , 
> Reduce them by Diviſior; as in Sect. 4. of Chap. 5. and for the 
h. Fradtiona! Quantities that may ariſe by thoſe Diviſions, 

Subſt; tute another Quantity Doubled. | 
ay For Inſtance, Let aa + caa - ca — da = de Ia. 


Then an 2 — Ada lc 222 $4 
6 Te Fe mike 1 = 23 


O Cc 2 And 


— — —— 


i 


And if you pleaſe, for r put x. 


Then will aa— 2xa—=#z be the new Aguation, equal to 
the other, being nw fitted for à Solution. 

Now any of theſe Three Forms of Aguations being thu 
prepared for a Solution, miy be reduced to ſunple Powers by 
Caſting off the Second or Loweſt Term of the unknowh Quantity ; 
which is done by Sul. ftitution, thus abways take f the known 
Co-efficient, and Add it to (Caſe 1.) or Su'ſtract it from 
(Cale 2.) its fellow Factor; and for their Sum, or Difference, 
Subſtitute another Letter. As in theſe, | 


* bo a + Se 

208 2 aa ＋ 2ba + bb = ee 
3 I 
4+4&}]5, ee=bb + d- 
5w210%|e—= > +dc 
e e, e Per Axiom 5. 
E a—=yJbb de: — 5 


Let |1 [oP 2ba — de Caſe 1. 


7—5 
— — 


— — 


; 


9. Part Il, | 


Again, 
Let 1 |aa — 2a = d Caſe 2. 
Put 2 Ja—&#= e 
2@ 2344 — 2ba + bb =ee 
3 —1 45 —ee— & 
_ 4+ & 5 [fem de+ bb 
5 uu 216 le =«</ dc + bb 
2, 67 a — b Vac + bb 
7+b\8 [a=b+ HF —w 
In Cafe z. From half the known Co-efficient Subſtract is. 
Fr 
Thus, Let 142222 * 
1 Put | 2 bo =8F* | 
29821311 — 2bap aa —ee 
* 1 5 —5 * 
4 K 15 ee =bb—@& 


me” 


4 


* 


15 


"YT 


8 —4/,&c, g;a-=b— bb de 


Com pleating the Square 
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een : 
(2, 6 7 2 ar 


7-1-a8|þ ad 


—— — 9 
— — 
* 


And this Method holds good in thoſe other Æquati ons, where- 
in the high-ſt Powers are a4, as, a, &c, As tor inſtalce. 


Let 148 + 2ta® ac Caſe 1. 
Put IE In. 
28 21314 ＋ 2a. + bb = ee 
3— 114 bh — ee — dc 
4 +de,5\ee=bb ＋ dc 

Sos 16 lo = ICT 

2, 6]7{\a +b—ibb 4 
7—5 8 ad =\/lb ＋ de: —b 


gy — 
2 Doble EAAR 


8 un 3 


_—_ 


The ſame may be done with all the Ref, Care being taken to 
Add, or Subſtratt, according as the Caſe Requires. 
But all Quadratick Aquations may be more eaftly Reſolved by 
which is grounded upon the ov cir ge og 
2 


of Kaiſing a Square from any Binomial, or Ke ſidual Root, 


(see Sect. 5. Chap. I. 


. 3 2 [4 [A ＋ D = As before. 


Viz, Ifa + bbe involved to a Square, it will be, aa & 2b a + bb 
And if a — & be ſo involved, it will be, aa — 2ba + bb 
Whence it is eafee to obſerve, that aa + 2ba = dc. Caſe 1. 
And aa — 2a = dr, Caſe 2. Are imperfect Squares, 


| 2 only bb to make them Compleat. And therefore it is 


that if Half the known Co-efficient be involved to the SeconZ 
Power, and the Square be Added to both Sides of the Æquat ian, 
the Unknown Side will become a Compleat Square. 


25 is 5, which bein 


Here half the Co-efficient 
3 ſquared, is bb. | 


Thus, Ler| aa + 2ba = dc. 
But 2 bb — bb 
i+2|3|aa + 2a + $þ — dc + Caſe 1. 


— — ee tm. ae * — — 


Algsbꝛa. Part II. 
Again. 
Let JI | a — 2ta = de Caſe 2. 
Bur |] 2 bb = bb 
1+2]2 | aa — 20a - bh — de + bb 
3 w214ja—b--4/ dc D Kc. As before. 


—— 
—— 


But in Caſe 3. you muſt change the Signs of all the Toms in 
tne Agquatior, 


Thus 1 x ] 2ba — aa = dc Caſe 3. 
1 +|2 aa — 2ba = dc 
Then | 3 44 — 25a - bb — b dc &c. 


—— — 
. 


— 


And this Method of Compleating the Square holds true ir 
thoſe other Æquations. 


Viz. ] 1 aaaa T 2baa = de Caſe 1. 
For | 2 bb —= bb As before, 
1-+2|] 3 | aaaa-+ 2baa+ bþ = dc -+ bb 
3 uu 2 4 a =4/dc +bb 
Il an = Jdc ＋ b: 3 
he __ 
5802622 Vat + bb: 5 And fo on for there? 
Or let 1a. ＋ 2baaa = de As before, Caſe 1. 
And | 2 bb —= bb 
1213 ＋ A + bb — de F bb 


1 24 +Þ =4/ dc + bb 
4—5 5 [og = ＋ bb: - þ 
5 w 2 0 ja =v/ix/ , + Bb: = &. 


— 2d = 2 1 


— — 


Corollary. 


Hence it's evident, that whatfoever Method is uſed in ſolving 
theſe (or indeed any other) Aquations, the Reſult will ſtill be the 
ſame, if the Work be true; as you may obſrrve fromthe Operatio! 
of this Section: For both th-ſ- Methods here propoſed, give the 
ſame Theorems in their reſpective Caſes for th? Palne of (a). 


Thus, 


* — 
. 


7 
3 
* 
5 


| > 


5, 
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Thus, when aa + 2ba = de Then 
Theorem To. 6 =» dc : 83 89 
And when an — 2a = de Then 


Theorem 2. a =b +4 de +Þb 
Again, when 2þa — aa — dc Then 


Theorem 3. a =b = J — dc 
The like Theorems may be eaſily raifed for the reſt. 

If the known Co-effirzents (of the Second or Loweſt Torm) be 
any ſingle Quantity, as aa . ba = dr, &c. Then is + 6 its 
Half, and z will be the Square of that Half: That is, +bx 
+5 = bb, And then the Work will ſtand 


Thus, | 1 | aa a — dc 
1COI2|aa+ tba + 1bb — dc + {bb 
2 u 2 [3 f Ks 4d 74,00 


3 — AA = N = #6: — 4b. And fo for the reſt. 


Note, C O placed in the Margin ogninft the Second Step, 
Fevifies that the imperfect Square an + ba in the Firſt Step, 
7s there Compleated, viz. in the Second Step. 


Now by the help of theſe Theorems, it will be eafic to Calculate 
Or find the Value of the untunonum Quantity, (a) in Numbers. 


Example 1. | 
Suppoſe aa T 2a z. Let b:= 16 And z= 4644 


— — 


Ihen a = /z+ bb: - 5 Per Theorem 1. 
But z + #b = 4644 + 256 = 4900 And y 4909 = 70 
Conſequently a -- 79 — 10, viz. & = 54. 


But every Adfefted Æaquntion bath as many Roots (or rather 
Values of the unknow: nuartily) either Real or [maginary, as 
are the Dimenſions ('1z. the Index) of its high-ſt Power ; 2nd 
the: fore the Caartty a. in this A gratior, hath another alu 
either 4ffirizative xr. Neg: tive ; which may be thus fourd. 

Ihe given #gzation is aa 324 4644, and its Koot a — 54 

Let theſe I wo #quations be made equal or Fgrated to o, 


g. to Nothing. 


Thus, 
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Thus, aa + 322 — 4644 —o And a — 54 = ©. 


Then Divide the given Fquatioz by its firſt Root, and the | 


Quotient will ſhew the Second Value of a. 
Thus, a — 54 = ©) aa + 324 — 4644 o (a +86 =0 


aa — 544 


— — 


+ 86a — 4644 
864 — 4644. 


P 


(o) 
Hence the Second Value of a is — — 86, Or 86 = —0 


which ſeems 7mpoſſuble, viz. that an Affirmative Quantity ſhould 
be Equal to a Negative Quantity ; yet even by this Second Value 
of a, and the fame Co-efficient, the true (or firſt) Xquatior 


may be formed. 
Thus, Let | I K = — 86 
16-2] 21 aa = 4 7396, viz. — 86x = 86 = -+ 7396 


1* 3213324 ='— 2752 
2 +3|4} 44 + 324 —=4644 As at firſt, 
Example 2. 

Suppoſe | 1 144 — 74 — 948,75 Then per Theorem 2. 
IC F aa — 7a +7 = 948,75 + 7 = 901 
2w 234 — f (Or 3,5) 2 961 =31 

3 351414 = 3i--:3.5== 34, 5 | 


Again, for the Second Value of a, 
Let aa — 74 — 948,75 =0. And 4 34,5=0 
Then, a — 342 5 = O) 44 7a — 948,75 = 0 (a 27,5 
Conſequently this ſecond Value is a = — 27,5 
which will form the Original Rquntion, aa — 7a = 948, 75 
if it be ordered as the laſt was. 


Example 3. 
Suppoſe 364 — aa = 243 Then per Theorem 3. 
a = 18 — 4/324— 243 viz. half 36 Squared is 324 &c. 
That is, a =18 Fl but 5781 = 9 
Therefore a = 18 — 9 = 9. Now this Third Form is called 
an Ambiguous Æquation, becauſe it hath Two Affirmative Values 


of the unknown @zartity (a), both which may be found with- 
out ſuch Diviſion, as was «uſed before. 


Fot 


Part I. | 


N —— 


5 


— 
m— 
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For in this Caſe, a = 18 1 81, viz. a:-18 --. 9 27, 
Or, a = 18 - 9 = 9, As before; And b th theſe Values of 2 
are equally true, as to forming the given Æguation; 

Viz. 36a — aa == 243. For if a = 9, then aa= 81, 
and 364 = 324; but 324 — 81 -= 243, therefore a = 9. 

Again, if 2 27, then will aa 729 and 364 = 972: 

But 972 — 729 = 242, corſegu2rtly it my be, a == 27. 

Now either of theſe Values cf a niay be f und by Dizifior, 
as thoſe were in the other T'wo Cs, one of them being Fr {6 
found by the Theorem. 

Thus, let 362 — aa — 243 2 0 Andg—a=o0 

Then 9 — a =c) 36a — a4--- 243 =© (4 — 27 =0 


9a — Aa 

274 — O— 243 
27 243 
(0) (0) 


Hence, if a —-27 =o Then 4 27 As before. 
Notwithſtanding all @uadratick Zquations of this I nird Form 
have Two Affirmative Roots, (as in this) yet but one of choſe 
Roots will give a true Anſwer to the Queſtion, and that 13 t5 be 
Choſ-x according to the Nature and Limits of the Queſtion, as thatl 
be thewed further on. 


Scholium. 
From the Work of the Three laft Examples, it may be Obſerved; 


that the dum of both the Roots, will always be Equal to the Co-efficis 


wt of their reſpettive Aquations, with a contrary Sign. 
Thus. In Example 1. aa + 32a = 4644 


- 4% 


24 — — 32 
In Example 2. aa — 74 = 948, 75 
Here ' a= 3 . 
And a —=— 2735 * bk 
2a = 7 
In the 1aft Example 36a — aa== 243 
Which was changed into aa — 364 = — 243 
Here a= 9\ aqj 
And 4 27. 


24 — 26 


D d 


t 
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Hence it's Evidert, that if either of the Roots be found, the 
other may be eaſily had without Diviſtorr. 

If the Contents of this Sector be well underſtood, it will be 
eaſy to give a Numerical Solution to any Quadratick * ; 
that happens to ariſe in Reſolving of Queſtions, &c. And as for 

iving a Geometrical Conftruction of them, I think it not Proper 
in this Place; becauſe. I here ſuppoſe the Learner wholly 
Ignorant of the firſt Principles of Geometry, therefore I thal] 
Refer that Work to the next Part. 


= - 


” —_—_—_ 
es 


CHAP. NK 


Of Aualyſis, or the Method of Reſolving Pꝛoblems; 
Exemplified by Variety of Numerical Queſtions, 


N. B. Here I adviſe the young Learner to make uſe away. of 
the ſame Letters, to repreſent the ſame Data 71 all Queſtions. 


—_ It a repreſent any Number . 
Vix. 4 And e repreſent a leſs . or other uu | 
aeg s Their Sum. 

2 -e r Their Difference. 


ae p Their Produtt. 


Then let 4 — = Their Quotient. 


aa +ee=z The Sum of their Squares. 
Caa - & The Difference of their Squares. 


9 
— 3 —— 
—ůů—ů—ů—— 


Any Tuo of theſe fix, (s, d. p, , x, x) be ing given, thence to 
find the Reſt; which admits cf Fiftees Variations, or Queſtions. 


Nueftion 1. $ ppoſe s and 4 were given, and it were 
| Required by them to find 4 ep. . x2. and x. 


Let 4 : 1323 and ſuppoſe = 1327 Then 


1 ＋ 2 : 2a = + 4 = 432 


3 24 = A 


122 


22216 Here a is founl. 
5 2e = - 448. 


C3 
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th. n 


5 26e — 24 Here e is found 
4 x 6 a == =p —5184 Here p is foun. 
whe | 
4 — 8 — uk — 9 Here 9 is found. 
4 & 2 9 aa == ED = 46656. 
6 G8 210 we == 268 + 88 _— 576 
9+ 10 [II [aa + ee 2 — D = 47232 z found, 
9 — 19 [12 aa — ee = d = x 460 289 x found. 
Queſtion 2. Jet s and p be given; To find the Reff. 
: 30 +Se5==& = 240 
That is, $ : . 4. 9. z. x. 
1824 3 aa T 2ae + ve =5s = 57600 
2x 4| 4 qae = 4Þ = 20736 
3—4| 5 f 2a ee —55—4Þ = 36864 
554 6 la f 4192 
- 72a 2 ＋ V4 
7 2 28 an 4 Hence a= 216. 
1— 6 FEY ys ACOG — 47 
9 — 2 10 le 3 * —# Hence e = 1 
3 LEED - 2 
ee iow q = 9% 
a> los SES 5—4p: — p 
r Mow IC Ea—R 
10 C 2 E 4 LSLESLTS 
N N | — 2 


D d 2 12418 


Cy” —— 
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* 


rn 


12 ＋ 13 0 aa + ee = $8 — 2% = 2 = 47232 | 
12 — 1315 J — ee =$ {55 — ap = x 468 
— — — — — — — | 


Queſtion 3. S»ppoſe 5 and 4 are giver, To find the R. 


I 
1 L=q=gCAneace.d. p.m 
tus? e 
1 34e S5 — ge 
4 +4 5 pe =s 
32241 6 EXE Oh Fer g-Ixe=ge-+e 
126 # e eee 
, f . 7 +1 
6 8 2 = — — 
1 — a 1 Ii 4 
6 —_ = Toon nw 
7 1 9 * of 71 A 
8 21101424222 —. 
4 727 ＋ 27 ＋ 1 
6 21 1 S = 
G. 85 NR | 
10 +1rj12fFabenln@©#7r5; 
: | HT 204172. 
10 — IN 13 . — 6 RS. 
2658 7s 28 


Queſtion 4, Let 5 and 2 be giver ; To find the Neff. 


; 1a TE =. 22 
Vi. 1 2 aa Tce x. 5232 T Quere a, Code P. Js. 
5 
3 — 24 4 1240 = 2 
3 
6 


22 


—— 
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2 Z — $$ 

* , | 7 os 2275 0 e The Reſt are found 

72118142 \ juſt as in the 2d Que- 

| 2 ſtior; the 8 and 10 

12619 20 , — = — 55 8 Ste ps here, being the 

13 7125 FO 1 [7 (very ſame with the 

; 2 Sa and 10 0 Steps t there. 


— 


Queſtion 5. When s and x are given; To find the Ref, 


Viz. 1 


62 2 
37 
5 77 
5 & 2 
7 & 2 
10 * IT 


f 988 


n 240 
. Quere 4-6 4 ˙ 


— 


ö 


42 — e = = =&d viz. a þ 3 


* 5 + x 


ae 
4 _ $5 +x 
7 = 


28S 
SSSS — XX 


— = 
* 
$5 aw K 7 
$* — 255x ＋ xXx 
4.SS 
1 * 
rm DOMES 
45s 
K XX 


285 


T_T — = 2 


* 


— 


* 


Aueſtion 6. Suppoſe d and p are given; To find the Rex. 


Viz, A | 


I | a--e=d== 192 
2 | | =7p = 51849 (Rn: 4; 2. 5. 4. z. Ke 


— . — 


1@2 
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I &-2| aa — 2ae + ee = dd ; | 
2x4 440 = 4 
3-4 aa ＋ 2e . 


3 

4 

5 

6 [4 T= V p =s 
6+11 7[2n=d+ NN 

8 

9 

2 


4 + Jdd i 4p 


— 


> Jap: da 
8-212 e 


2 
— Wd + 2p — — 4p 


8 210 


6-2 [14 + 


12+ 1314 
7 1213115 


aa + ea = dd + 2p =2 
1 = d + SHOE =x 


1 


Queſlion 7. Let d ind 4 be given; To find the Reſt. 
I[a—e=d= 192 
Pre. a Quere 2A. e. 5 P-. X · a. 


2 > =4q =9 


2xe} 312 79e 
kd 4Ja=d+e 
35 +| 5 % de 
52 [6e en. 
627—147 3 For - = 4e e 


31 
147 - 396 ee 


778 | 9 
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7x8 * == ES 2 
88 2111 = 7; 
70211300 =— yoo 
11 + 1213 er = er 
— 


Queſtion 8, Suppoſe d and z given; To find the Reft. 


„ S]l 1]a—e=d= 192 
fans 2 4a ee 42232 J. Wnare a.. 3 ah 5 
18 21 3 aa — 248 I ee = dd 
2— 3 42e = ad 
2-F41 54 ＋ 2e þ ae = 2z da 
5 uu 2 6 4a T = u s 
1X6] 7 24 =d + v 2z — dd 

| 721182 — 
6—11 9 2=v22—dd: 4 
9 L171 Io l 2. 
2 
35 10111 4. . = 
8 212 eee. 
10 0 213 wo EDLLE — 
1 2 


12 13 14 Oh — er = d vV2X dd & 
8 1015 5 — 24 


| 1 SE —A—U) 2 — — a 


Queſilon 
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Queſtion 9. Let d and x be given; To find the Ref, 
1 1144—e=4t= 290 
Viz. 4 2 | aa—eez=x==46080 * eee 
221 3 14 7 =. viz. a — e) aa - ee (a+? 
1 +3] 4|22 == 
4478 5 ad + x 
ts 2 
3—5] 6 === 
xx — dv 
| 5 x 6 719 =p =p 
: a d f= 
e 17 __ 
| 4 dd. 
5s @& 2] 9 8125 A 
xx 2ddx 44 
6 O 210 fee = 
4 
9 ＋ 1011 aa + ee =* r 


ä 


m— — 


— — — 


Queſtion 10. Let p and q be given; To find the Keſt. 


4 
& Que ate AZ x. 


1 „ 


Viz. 4 1 ae S p == 518 
N 
. 
1 3 an = p For = x 
3Jw2] 4]4=v 4Q 
I = 2 S [EC = For © 
i 
5 ww 2 84228 7 
44617 eU = 


- 4 


— 


Chap. 9. Of Numerical Queſtions. 
4—6| DD 
3+5] 9 . 
3— 5 10 a —eemgp Fe 
Queſtion 11. Let p and = be given; To find the Refi. 
** 1144 18 
4 1 221 Quere a, e. &c. 
I x 2 3 240 2p 5 
24314 aa ＋ 2ae N ee = z + 25 
4w2] 5]a+Fe=1y/z „ =s 
Ss 6 | 42a — ae + ge = z — 25 
6 uu 2 WIL —d__ 
5 +7] 8 2a=4/ 2+ ＋ 2 25 
8-3] „„ 
2 
5 —7 [IO Ie = Z＋- 2p — V2 — 25 
10 — 211 en VEERSAEED 
_ a4 vVz+2p+y/z—2p 
une ag e ks 
_ aa == — 
110 2 ce = EEE 4 
aa —ee | 15 as — 66 = of 3% — 4PP = * 5 
Queſtion 12. Let p and » be given; To find the Reff. 
go | wi 2 22 oy. 8 Quere a. . Kc, 
I O 2 aace = PP ME 
E e 


207. 


— 
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2&2] 4% — aaaee + eee = xx. — 
| 44aee = 4Pp 
475 ] anna + 2anee + bee = xx A- app 
6 w 2 7 aan ee = 4 &x -' IPp =2 
2 -|- 7 fir T app 
2 PREY, + * KX =—| 22 
8—2 | 9 ad n 2 


„eee — * 1 5 2. 


72111 | 200 = xx +afpp: — „ 
| - ab —I Xx + 4PÞ:— x 
112 212 |= - 


120 2 [13 1e=4/t— 


V 8 0 4PP +: —* 


—— 
10+ 13] 14 alt e | x 
1 we 
10 13 15 — . -| 22. 
NESS 6 aa Tee = y/ xx + qpp=2z 


— —— ; 


Queſtion 13. Having 7 and 2 given; To find the Reft, 


Viz. 4 


1 I XC 34 =ge 
| aa = ggqee 
ge = KN — ggqee 


4 
5 
4 j-ggee | 6 ee Þ ee = 2 
2 1 es | 
3 Aar For gy +3 n 80 am gree TY 


2 — — 
„ 


Quere à . e. & Þ 7 
an + ee = 2 47232 


2 


2-1 


ml 


Ot Nuadzatick Aquarions, 


. 


Chap. 9. 
1 0 e pf = 25 
Bw 2 = 
Sod e AE: 
+26 [13 [oe my iht=1+ yf pom, wh 
EE CE dt had © 7 ak 
9 eee lh 
8—7 14 4 I mo 


Qieſtion 14. When 9g and x are given ; To find the Raff. 


Liz. 5 


2 
txel 3 a = 
3@- 244 =ggqee 
2 + ee p an = K ee 
Ew e = Xx ee 
6 — ee _ 
. — 8 lee = od 
l 171 | | 
BE 3 
gx 
9 210 22 59. — 
8 uu 2 [II le 2 oh 
| 9q—1T 
10 ＋ 11 [12 [a . 4 
= | + 9 791 


= =q=9 
Brake Quere 4.e.&£e, 
ag — &e = x = 45089 
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"BA e=v> LE 2 = 4 


„ ee 77 — I 
=D gx x PM 
V mami -? 


Ser + jad 2 
er 


. n —— 
E A... * * — —_ "oo 
— — — — — 


Nueftion 15. When x and „ are given; To find the Reſt. 
Viz. 4]; 14 ＋ ee 2 42587 Quere 4. . &, 


12 — 
172 2 3 2400 =2z + 


322 + — 

2 
| I —2 20 2 — 
N — 


* 
7+8] 59 —— 1. 


|; 4 ww 2 | 714 
| 


2 2 
7 ile e 
— , 
7 * 8 = EEE = 
„ 
78 12 —_— = 8 
8 e St v2 — * OD 3 


Theſe Fifteen 8 are propoſed in Doctor Fels Algebri: 
but he purſues only the firſt Queſtion throughout, and brek 
Off in the other Fourteen, after the Values of what 1 call - 


and e are found. But I have proceeded i every One of then 


10 
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to find the Values of all the wiknowr Quartities, becauſe they 
Afford ſuch Variety, as being well otſerved by a Learner, will 
be found very uſeful in the Solution of moſt Queſtions. 


Note, 1 have choſe to uſe the ſame Numbers for the Re ſpect ive 


Value of each Qrartity throughout all the tions, becauſe 
they will be more Satigfactory in provirg the Work than Various 
Numbers would have been. Not but that any Numbers may 
be taken at Pleaſure, provided that the Number Re preſented by a. 
be Greater than that by e, &c. I have omitted the Numerical 
Calculations purely for the Eearner to practice on. 


Nueſtion 16. There are Tao Numbers, the Sum of thciy 
Squares 7s 2368; And the Greater of them is in Proportion 
to the Leſs, As 6 To 1. IWhat are theſe Numbers & 


Let a = the Greater Number, e = the Leſſer, and x = 2368 


Then | 1 42 & ee x 
And 2.14 22 :: 6 1 * Sy the Queſtion. 


* 


2 731 s 
3 O 2 4jaa= 36ee 
I — 4 e 
5 -|- 36ee 6137 ee 
225 7 
6+ 1 2 = 64 
ad if «= 
7 uu 2 8gjſe=v —==8 i And g ==. 
57 Proof 5. aa — 2304 
a == 


5 | Bhs. 
8x6] 4% aa + ee = 2368 
[1914 = 43 (Aud 48:8::6:1 


Nueſtion 17. There are Three Numbers in Continued Pro por 


tion, the Sum of the Extreans is 156, and the Mean is 72; 


I hat are the Two Extreams. 


That is, Suppoſe a. m. e in * and m — 72. 


1 |a+e =$— 156 By the Queſtion. 
Theng, R Quere 42. . &c. 


— C——— — 
r 


3 e 
18214 an + 2d -- ee = SS 
3x4] 51 dae = 41m 12 


* 
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4— 5 | N rod SS — 4mMin ws 
6 un 2 1 714 =Ct. =x 5s — 4mm 
1177 8 =7 + 57 in 
"Wo + / $85 — 4mm | 
| — Or 
129110 2 22 2 4 = 48 4 2 108 


Queſtion 18. There are Three Numbers in = their Sun 1; 


74, and the Sum of their Squares is 1924; IFhat ar 
thoſe Numbers ? P ? 


That is, a, e, y are in * 


I Ja -e -= 5 74 
5 2 [aa + ee + = & = 1924 Quere a, e, y 
3 la :e. 

2 "| 4lay= ee 

4 S Ia L= -e 

2 6a e 

4x 3] 7 2ay = 208 

6 +71 Bla zay +39 =2+ ee 

5 O. 2] 9|aa + 2% -j- Jy = s — 250 + ee 
8andg|10 [ + er $ss — 25e + ee 
20. 1 240 = $5 — 2 

3 3 
II — 2 12 92 27 = 24 

5 j13j*+J=s—e=.99 

3 |14 aa —- 24M) + Jy) == 2592 

4x 4115l 4% = 49 = 2304 
14— 15 16 | 44 — 2a) + Jy = 199 

16 uu 2 [17 [4a —y=y 199 = 14 
124 24 5D + 14 = 64 8 
18 219 [4 — 32 a=? 
13 — 19 |20 1 5 


—ů— — 


„6 
— 


Note, In all Queſtions about Cortirnal Fro portionals, (either 
Avrithmetical or Geometrical) where Three Terms are ſought, tie 
Mean is Eafieſt found firſt (as above ;) and if all the Terms be 
Affirmative, then tis Equal whether the Ft, or Laſt Teri be 
the Greateſt, 


Queltien 
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Queliion 19. There are Three Numbers 1» their Sum is 


76; and if the Sum of the Extreams be Multiplied into the 
8 that Product will be 1248; What are thoſe Numbers 2 


[ate:ce: y 
Viz, | a + ey 2 =75 by the Queſtion. 


3\a + 3s = p = 2248 
| 4 |ay = ee 
1 5 ace ee yo? = se 
5 — 2 O feen se —p 
0 — gef 7 lee — Se e 
T— 6d | 8 er te +4$5=455 —P 
un 2 [fe- O N — 
x 2. Per Thor. Is 
9 + :$ ID Je=#s vis —fþ p=£32 Chap. 8. 
2—121 | 2 32 
4x4+ 12] 4% = ee =2304 
110 213 [Aa -+ zay .; yy = 2794 
13 — 12 des ad — 24 ＋ yy = 499 
14 u 2 15 -. = 20 
1I＋ 15 | 16 24 = 52 ＋ 20 =72 
16 — 217 [A= 36 A = 16 
11— 17 | 18 y=52 — 36=16 0" LEI 47 = 36 
NM. B. It you take emis /TI5s- P = 52 (at the 1th 
Step) Then it will be TG — 52 = 24 = a + y, which is 


tnpoſſitle, viz. that the Mean thou'd be Greater than the Sziz 
of the two Extreams. 


Theretore 1 it muſt be e =15—v L 55 — Þ = 24. (See Pag. 201» 


— — — 


* — — — — —y— ———— 


Queſtion 20. There are Three Numbers in Arithmetical 
Progreſſion, the Fi ſi being Add-d to Juice the Second, and 
Three times th! Third, their Sum will be 62 ; and the Sum of all 
their Squares is 275: "I bat are thoſe Numbers ? 


Suppoſe 1 „in Arithmetical Progreſſion. 


2 14 + 2e 125 
And N | ; es 42 27275 the Queſtion, 
Then | 4 |a + y= 20 per Sect, 1. Chap. 6. 
224 5 ]2e + 29 = 62 — 2e 
1 4 2314 
0 ef 7|y=3I — 22e 
4=-7] $Ja=4e=— 31 


3 & 
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294 = lôet — 2486 + 961 

2 | 19 22 = 961 — 124 + qee 

9 + 12 | 11 | aa + yy = 200 — 372e þ 1922 
2 — 11112 lee = 372e — 20ee — 1647 

1. 2000 [12 | 21ee = 3726 — 1647 

— 372e [14 |} 2170 — 3 — — 1647 
14 1 154% 3 — 3 


— 
& 
S 
t 
— 
— 
* 
Q 
= 


18%44]1944e=3 * 
8, 19120 a = 36 — 31 —_ Or 345 31 = 37 
18K 1 121 1] 26 = 109: Ur. 195 
7, 21 22 [/ = 31 18213 Or 31 17 155 


**— 


Queſtion 21. There are Three Numbers in Arithmetic 
Pr ogreffon ; the Square of the Firſt Term being Added to th! 
Product of the other Two is 576 : the Square of the Mean being 


Added to the Product of the Two Extreams, makes E12 : i | 


the Square of the laſt Term being Added to the Product of th: 
.firft iuto the ſocond, is 792: What are thoſe Numbers ? 


Suppoſe 14, e, y In Arith. Progreſ. As before 
: 5 2 | aa The = 576 
Then 2] 3 lee a ya = 612 8 By the Queſtion. 
C AD = 792 
EE. 8 6. 
5 * E ar r % == 200 
2 ＋ 4 an + Y + yy + ae = 1563 
7 —6 4 aa + yy = 1268 — ace 
3— 228149 ya 12 — ve 
Qx2 


| 29a = 1224 — 2ee 
8 + 10 14 294 + Jy = 2592 — ſ4ee 
123 5 | aa + 294 o Y = 4ee 


Il, 4ee = 2592 — 4ee 
13 + gee JH 1 = = 2592 
14 — 8 2 * pF; 
hd mare 324 = 18 The Mean 
T7 aa RA 1368 — 2ee 2= 720 
8 15 29a = 1224 — 2ee = 576 
17 — 18 J19 [aa —2ya + Jy) = 720 = 576 = 144 


— — — — — — 
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— 


1 un 2 N 144 2 12 
21124 =2e+ 12= 48 


5 +20 | 


21I — 2 5 * Or 42 
o — 2223 [ ze — 24 — 12 | 


* 


Queſtion 22. Ti required Fo find Teo ſuch Numbers, that the 
dum of their Squares may be $226"; and their Prout bing 


Added to the Square of the Leſſer, may be 69217. 


44 Cee 81262 


2 
** 2 ae Cee 6921 Quere à and e 
1—21 3A — 4e 2305 
;3 + 4e a- 1303 
ks 441303 
4741 5 5 
l 8 1703025 
5 S21 eee 
8 = 7|ee=8226,5-—aa 
aſe 
4 3 * 44] 944-260 + 1703025 = 8226, 5 4444 
K ie: —26 10 ＋ 17030252 8226,44 
o ['1]24+—10836,544—=—1703025 
11 + 2112 af —5$418254a=—851512,5 (765 
1200113 a 5418, 2544173393 58.265622 6487845 
L3w2{ 14} 44—2709,125=4/6487 $45,765625—2547 
ia + 27 &c. ISI ga =2709,125 +-2547,125 (125 
Su ppoſe 16|,4=2709,125Þ+2547,125=5256,25 
hen 17 [A= V5256,25 272, a 
And 5,18 0 8.251305 


a F 
Or let} 19{aa=2709,125—2547,125==162 
Icow2}20[a=4/162=12,72 Kc. 


Then | 1 „ Wh ich is imprſſible, 


12,72 
Thereſdre = 5 hoe 
1 — Cas at the 17th and 18th Steps. 


— — 


This Queſtion may be perform'd with Leſs Trouble, by 
| Subſtituting Letters 4 the Known Numbers. 


Vie mY 7 Then let à — p =4= 4 — ae, &c. 
| | | Orefticy 


K 
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Algebra. 


Quseſt ion 23. It is required to find Three ſuch Numbers, that | 
the Sum of the Firſt and Second, 2 Multi plied with the Third, 
may be 37824 and the Sum of the Se 
with the Firſt, may be 59944, alſo, that the Sum of the Fir] 
and Third, being Multiplied with the Second, may be 52456. 


Let a, e, y repreſent the Three Numbers. 
5 1 l 
Then | 2e +14a=59944=ce Quere 3, e, 5. 
4 AE nan 
1 * 43 4 EIn +d 
et} III S e | 
E A 
6=3| Y = 
7 28 8] = £—24 
HATE 
6 —2| + ron as 
651 1 pond. = 
1062 = 
24 
3 11 D 
24 24 4 
9, 12 13 — HER, Fon 2d% — 2b;z+ 46d 
2 44 
13 * 444 4 L266 ted —2bz+46d 
ws 13 e abd__. 
15 Ww 1 16 |a=\/55696 236 
12109; = == 138 
8. 2— 24 
| 18 yd 296 


cond and Third, Mult:plied 


ion 24. *Tis required to find Two ſuch Numbers. 
og berate from the Sum of their Squares, 1 


their Sum, bein a „ 
and ? uf their Product be Added te their Sum, 1 


Leave 14. And 


make 14 


Let a and e be p 


Thenk | a|4e + 


at for the Numbers, and let y=07 


44 Cee —y=14 om: 
. "ba 857 the Queſtion 


FM 
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Iz 3144 Tee 14 +y 
2 —)| 4|ac==14=y 


4X2] 5 246—28——y 
375 6 44 Czae- Tee 42— 
But] 8 | aÞe—y y Subſtitution above. 
7, 8, 9 J==q 2 
90 2 10] —42 
10 1 = 42 | 
1100 12 „N= A= +; 4 — 42,235 


I2w2\13 Ft =V42,25=6, 5 
12711446, 5— 5 
Conſequent | 15 .= Reſtitution from above. 
3, 1411 + \ pre eee 
6, 3% 539 24e 2 28—12 216 
16—17 1844 — _ Wt 
18 wi [19] - N 4=2 
gs bh HAS 4: And 6; ==5 


i15+19]20 24. 8 Then aa + ee—a—e=1 
23-2 2 a—4 Proof And ze E 4 + 214 
15—121 | 22 | *=6—4=—2 According to the Queſtion. 


— - — 


Queſtion 25. Three Men diſcourſing of their Money, ſaith the 
Firſt, if 1001. were Added te my Money, it would be as much 2 
both your Money put together ; ſaid the Second Man, if 100 1 
were Added to my Money, I ſhould have Twice as much as both you 
have 3 ſaith the Third Man, f 100 I. were Added to my Money, 
I ſhould have then three times as much Mone) as both you have : 
tow much Moncy bad each Man? 


Let a repreſent the Firſt Man's Money, e the Second, 
and y the Third ? 


114+ioo= e+ 
Then $| 2 „ by the Queſt ion. 
| 3 »+100==3a$3e 

1—4 4 e+ y—a=100=s' 


5 Leber "IF Ay 
3215 34 ＋ ze O 


4. 61 7 e 34 3 —9 
7+ | 8] 2y=4a+2e 
5—81 g| 24a—c=5—44—2c 


| 93-44 — 7 10G He—5=100 


© +6 [11]24 þqe:=25==2000 


F 12 10 * 


- 
* 
"#4 
1 
4 
U 
1 
t 
i 


— 


- — — : 


33 
_—_—— —— 1g 
— 


— * — — = - = 
. —— — 


— _—y}_ M7. 
Iu __ D 


— 
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12 244+ 4:=45=400 
I 3 224 — 25200 


L. 1 
1414 FF Nr 


10 * 1 
1 


— 


13 — 22 


11 N 
10 — &a|15|(= —b@=I00— = 
— 98 — non Dos 

8 * 2 16 Feuer —_ Tr — 
I s 


. 

| Firſt 9 1. 92 4. 

An ſwer. Thea Sed Man had 55 14. 98+ 1 Tr. 
Thira 631. + # 8 4 


— — —⏑— 


— — — — — 


Qucſi;zon 26. Three Men have each ſuch a Sum of Mone), 
that if the Firjt and Second Mens Money be 4dded to balf of what 
1e Tard Man hath; that Sum will be 92 1. And if the Second and 
T-1rd4 Mens Money, be Added to one third Part of ghe Firſt Man 
Micney, that Sum will be ꝙ l. Laſthy, if one fourth part of ile 
ſecond Man's Money be Added to the Firſt and Third Mens Mon), 
that Sum ll alſo be 92 l. How much was each Man s Money:? 

Put a for the Firſt Man's Money, e for the Second, and) for 


the Third. 
ö I « + ep 7J =? 
Y Thend 21 a + e + Js & By the Queſtion, And. g: 
5 r 
15 P en 
F I, | 4 Ter e 
71 4 — ©, . = = 
| J NX 2N | 6 6aþ3y=24-+6y 
6 2 | qlae=yy 
2 X 3 8]a-+gede33==35. 
5 — 7] 9j4+ 3e==35—44 
8 10 3e 23 —54 
180 — 3 I's 3 
| FM 
8 TIL ; qa 4y=45—368 
12 — 2113137 *<Þ33z=31=276 
13, 7\14j37*+44=31=276 
I4 X 315 III LIZ = = 828 


== == 361. The 1ft Man's Mone). 


11 | 17 „Te 2d Man's Mon!) 
| 


3 18 ===" ++ —48/,The 3dMar'sMone). 


Vun 


— — — — —— — — 
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Queſtion 27. Four Men walking abroad found a Purſe of Shil- 

ling? only, out of which every one took a Number at an Adventure > 
afterwards by comparing th:ir Numbers together they found ; that 
if the Firſt tot 25 Shillings from the Seccmd, it would malie his | 
Number equa! with what the Second had then left. If the Second! 
45% 30 Shiilings from the Third, his Money would then be Triple 
to what the Toird had left, And if the Third tock 40 Shilling 
Vom the Fourth, his Money would then bs Double to what the 
Furth bad left.“ Laſtly, the Fourth taking 30 Shilling, from the 
Firſt, he would then bave three times as much as the Firſt had 
Left, and 5 Shillings more, 

'Tis required to tell how many Shillings each Man had. 
Put a for the Firſt Sum, e the Second, y the Third, 

| and u the Fourth. 


1]a +25=e— 25 
2 |e + 30*=3Z) — 90 
Then 4 20 215 By the Qurſtion, 


| 4% + 50 =34—145 
1-25 1 e 
2— 39] 613 — 120=e 


5. 8 7la+50=3z—120 
741201 844 +170=30 


ann a+-170 
3— 31] 9 


A . — 0 * - 
” = 


(0 [Y=21U—120 


a4- 170 


3 
1” Þ 
þ 
8 
mi 


* 
** 
LY —_ * > 


+530 
6 : 


RES 


15 16 


1 84—1170==aÞ+530 


* 2g 2 . 
- — —— 
- * my 
— 


16% (77a 1 
17—- 1814 1 %ãj The 1ſt 
by the 5| 19[e=150 Second R ES. 
S by the 9 20|y= 90 Third Man s N. of Shillings. 
by the 14 211u==to5 Fourth 
. N — — — . obo 


N 5 Queſtion 
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Part Il, 


Algebꝛa. 


" Nueffion 28. Four Mer have each a Sum of Money which being 


put all together makes 250 Pounds. And if to the firſt Man's M.- 


Oo 


ney be added 8 Pounds it will b- juſt as much as the ſecond Man's 


Ahne) decreaſed by 


8 Pounds, and as much as 8 times the third 


Man's Monev, and but as much as one Eighth part of the fourth 
Man's Money; How much had each Man? 


Let 4. c, „ u repreſent the Four Mens Money. 


; 
t 


11 Or any other Num- 
my b * ber at Pleaſure. 

1 2 ＋ 4 a- E-26 —ez 

6 $a: by Because yb=—a=Þb 


a Te Tu. 
0 ri 


3 1 bl are 
? 


by the Queſtion. Let 


$— 250 and b—g, 


| 415 +6 7 e TY TZ 42 K* IK ba * 
: T — 4; Seu. | 

5 | 7, 81 9: 4 2＋— A1 Tb bb == 4 

. | 9 Xx b 10 bar 2bb-a$-b LAT b 

5 10 + III 2A UA La. -b 206 —5 

( f | | 32 bs —bbb_—2bb —— 

| 1 70 r 16,691358, &c, 

by the 4;}13 . &c. 
by the 2 145 ———==3,08641 9, &c, 
by rhe 6. 15 ble n &c. 
l, 4. d. 

N40 == 16». 13... 992990 
5 Thas-hS e'= 3% 5 28; 9.9259 
. „ -I-« $,9a056 
5 1 19 7 . 10 7,40736 
bt Conſequently «+ e-f-y + u= 249 . 19 . 11,99916 
13 Now what it wants of that Sum proceeds from the [mper: 
1 tection of the Decimal Parts being not Continued on to more 
1 Places, which would have brought ir nearer the Truth, ibo 
1 not perhaps exaGly (o. Seck. 5. Chap. 5. Part 1. | 


which ſheuld be Juſt 2501. the Sum propoſed in the Queſtion. 


Queſtion 


0 
* 
35 
: 
* 


2s 
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Queſtion 29. Several Merchants enter into Partnerſhip,every 
one put into the Stock 65 times as many Pounds as there were 
Partners; with that Stock they Traded, and gain d as many Pounds 

er to l. as there were Partner;. Now # to l. 10 s. be Addel 
to, and Subſtradted from their Gain, the Product of that Sum, and 
Difference will be 6491 J. 6s. 3d. 


Quere, How many Merchants there were, Ge. 
The Number of Merchants. 


Let] 1] a= 
1 X 65] 2|65a= Every one's Sum be put into Stock. 
2 * 4 3165aa= The whole Stock. 

And; 4{100:4:: 65aa: by the Queſtion. 

: 6 | 
Viz.\ 5 22 The whole Gain. 
100 
; = _ 6550801. 


100 


83 * #1 $ [4235444449 110,264, 3125 


8 * 18 gl 422546 —1102500=64913125 
9 ＋ 10 42258 66015623 
IO. 4333 $— 687 
— 4225111 * n 
It w 6[|12|q—"/15625=5 The Number of Merchants, 
12 X 4&6|13|[654==325-The No. of Pounds each pur in. 


Qual. 


10000 


— 


— 


Queſtion 30. Three Merchants jon Stocks together; the 


Firſt Man's Stock was Leſs than the Second Man's by 13 l. The 


Second and Tiird Man's Stock was 175 |. in Trading they gain 
481.more than their whole Stock was ; the Firſt Man's propertional 
Part of the Gain was 78 l. What was cach Man's Steck and 
part of the Gain? 


Let 4, e, y repreſent each Man's Stock, 


[a Tey=, The whole Sue 
Tien? 2 - ＋48 The whole Gain. 
| 2|[4pi3=EC! 1 
And 5 1 the Queſtion 
4 + of 5 | e 
F, FI Ii 


— 


2 K. = 2 4 ; - 


£ + us. 


© a= — ww» b 
2 
8 * — . 


= 
*—-— 
; - a 4 
— — — 4 3 


— 1 22 —— 
Ee is”, 


— ® * 
— _ 
— — — . 


&< : OS = 
OR 
* 


ö 224 $15 Algebꝛa. ; part I}, 


6, 2 71 ＋ 48 = 223 a 


But] 8175 þ 4: 223 Þ- 4:: 4:78 Per Queſt 


8 „. 9jaa-þ2234=78a+13650 
9 — 784a\iolaa+1454-=13650 | 
10 COjiilaaptigza+5256,25=13906,23 
11 un 2{12|a+72,5=\18906,25=137,5 
12— 72,5|13|4==137,5—72,5=65 

3:1 14 e 4 ＋- 13278 
4 — 144150 —97 


Then 1665 :78:: 78: 93 J. 129. — Gain, 
17165: 78 ::97:116/, 85. = Gain, 


Again 
18 


Proof 4 19 
18 — 19120 


1161.85. 93.123. 78/2881. The Gai. 
65+78+97 =24c. The whole Sto, 
288--240=48 The Gain more than the Stoch, 


— 


1 * 


Queſtion 31. A Father at his Death left his Three Sens all li 
Money in this manner; to the Eldeſt he gave half of it, wanting 
44 Pounds ; to the Second he gave one third of it, and 14 Pound, 
more ; to the Tounger he gave the Remainder, which was Leſs than 
the Share of the Second Son by 82 Pounds ; What was each Sen. 
Share d 


Let a, e, ) be the Three Shares, and x3 = the whole Sun, 


IjaÞe + j=z 
214 = 2444 


Then By. the Qu:rſtion. 


2 + +4] 5|a+ ＋ 1= +98 


2 
6 x 7 I 294 
_ 64. = 48 + 33. — | 
* 8 4 3 588 

8-4. 917 38s. The whole Sum that was left. 
25 9 1 = ＋ 442250. The El. Son's Share 
3,5 9 IIe == * F14=210, The Second Son's, &c. 
4 9|12|1==i£* +14—$2=128. The Youngeſt &. 


— 


—— 3 —ů—ů— — —_—_— 2 _ 


Queſticn 32. A Man playing at Hazard or Dice, won the 


Second 


Firſt Throw juſt ſo much Money as he bad in his Pocket; ek 


— _—C — —_—_— * 
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N 


7 


S-cond Throw he won the Square Root of what he then had, ant 
five Shillings more; the Third Throw he won th Square of all he 


then had: after which his whol: Sum was 112 J. 16s. 
Mone ys had he when be began to play © 


I hat 


Suppoſe | 1 | a = His Firſt Sum. Then 
1* 2 | 2 | 24 -= His Sum afrer the Firſt Throw. 
And | 3i5 + y2a= The i779 at the 2 Throw. 
2 +30 4 | 24 45 . 24 The $2 after the 2d Throw, 
48 2145 14a 4 22a +25 +} 44. 24: ＋ 10.4; 24 :: The 
| | 4 mnivgs at the 34 Throw ; and theref re 
4 +5! 6 | qaa+24a $30 P44 24 þl14f2a 2250 Sh. 


Viz.let | 1 
Ix 2 2 
Then 1* 3 
21314 
4@&2| 5 
. 


24a The Firſt Sum. 

4 = The Sum after the Firſt Throw. 

22 + 5 -- The Sum won at the Second Throw. 
4% -+ 2a +5 == His Sum after the 24 Throw. 
164 + 1643 ＋ 4444 + 204 ＋ 25 - The 
IW innings at the 24 Throw; And therefore 


| 6 | I6a* ＋E 1043 + 4824 ＋ 222 þ 39= 2250 Sh, 


— — . — — RO OO ———— OE. oO 


Yer again, to avoid theſe high Equations, let us make a Third 
Sep po ſition; Thus, 


Let 

1 * 2 

Then 
2A 3 

Subſti. 

50 2 

5 ＋ 6 
178 
8 w 2 
9 — 0,5 


J 10 
II — 5 


* 12 Cn 


14 — 0,5 


15 C 2 


16 27 


| 


| 


= The Firſt Sum, 


22 = The Sum after the Firſt Throw. 
2 -+5= The Winnings at the 24 Throw. 


aa +a 5 = The Sum after the 2d Throw. 


ee n The Viunings at the zd Throw. Then 
22 + e = 2256 dhillings by the Queſtion. 
ee + & -þ 0,25 = 225,2 

ei 55 = 2250,25 = 47,5 

8. =47 

aa 44 + 5=47 

aa ＋ 4 — 42 

E + a -+ 0,25 == 42,25 

a + 5 = v/ 42425 = 65 

2 


aa = 36 


- — aa +- a + 5 


The Shill. he had in his 


2 _, 
2 


328. — — 


11 


184 Pocket when he began to Play. 
8 40 


Mote, 


A q 5 wg 4 _- F = 

þ - r * 8 w 
= A; - 1 * _— _— = — 
EO — a 3 


* © - 2 9 
4 = _— xx vc 
— . 
— 7 --- 
Lo —_— - 


* 
ner. 


— 


— — — 
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Note, In Reſolving of the laſt Que ſtion, I have made Three 
dliſterent Suppoſitions for the Thing ſought ; purely as an Inſtance 
to ihew the Young Learner, how well he ought to conſider the 
Nature of the Cut ion, when he firſt States it, and make choice 
of repreſenting the Thing ſought, ſo as to avoid running it in. 
to Surds if poſhble, viz. as in the firſt Suppoſition of a — the 
Firſ. Sum, Sc. Not but that ſuch Aquations may be ſolved, 
as thall be ſhewed in the next Chapter. However, it is moſt like 
an Arti to perform Things of this Nature the neareſt and eaſieſ 
Way they can be done. | 


Q eltion 32. Suppoſe there were two equal Circles, whiſ: 
Peripheries (viz. Circumferences) are Divided into 44.310 equi 
Parts; aud that thoſe Circles were ſo placed upon one Axis, 1; 
to move the contrary way to each other: and ſuppoſe one of thin 
to nove, Lut one of theſe equal Parts th: firſt Day, Two Parts th: 
ſecond Day, Three Parts the third Day, and ſo on in Arithmetic 
Pregreſſuon, viz. 1, 2, 3, 4, 5, &. And the other to move every 
Day the Cubes of thoſe Parts, viz. 1. 8. 27 64. 125, &c. of th: 
Same Parts. How many Parts, and how many Days muſt each 
Circle move, before the ſame Two Points meet that were together 
when they began to move? 

In order to give a ready So/ution to this Queſtion (or any oth 
z this kind) it will be convenient to premiſe this Lemma. 


. Lemma. 
The Sum of any Series of Cubes whoſe Roots are in Arithnetii 
4 on ( the Firſt Term, and common Difference being Uni) 
A 


or 1) is equal to the Square of the Sum of all thoſe Roots. 
As in theſe 3 
Terms in Ari th. &c. Their Cubes. 
| T I 
2 8 
3 27 
4 04 
3 125 
6 216, &c. 


21 x 21 = 441 Sum of their Cubes. 


I 

I 

2 | aa = The Sum of all the Parts the 2d moves. 
Conſequen. 3 [aa + a = 44310 By the Queſt, (per Lin 
tet ; 1 


Ian + 4 0,25 = 4431025 


7 


4 


| 42 The Sum ot all the Parts the 1/iCircle move 


Algebꝛa. Part II. 
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w21 514 +05 = 44310,25 = 210,5 
y ag 343 50 x Number of Parts the Firſt 
N | 8 Circle muſt Move. . 
| = The Number of Parts the 24 
n 00's | . | a . cle Moves. 


Next to find the Number of Days they Moved, There is given, 
the Firſt Term = 1, the common Diſfrence = 1. And the Sn 
of all the Terms == 210, thence to find the Laſt Term, which 
in this Caſe is the ſame with the Number of all the Terms. 


” CTY ws 12 


Let a-—1 the Firſi Terms, e = 1 the common Difference, 


and s -— 210 the Sum of all the Terms, To find y = the Laſt 
Term, As per Sect. 1. Chap. 6. | 
Then yy + ey = 2s + aa — ae by the 16th Step, Page 186. 
That is, yy + y = 210 x 2 = 420 &. 

Hence y -= 20 the Number of Days required. 


——_——_— 1 
* 


I ſhall now proceed to give an Example or Two of the Method 

' uſed in Arguing about Unlimited Queſtions, viz. ſuch Queſtions 

' which admit of various Anſwers, ſuch as thoſe in Alligation 
Alternate, promiſed in Page 117. 

In order to ſhorten that Work, it will be comverient for the 
Learner to know the Two Sigzs of Comparifon > And S. 
The Sign > is of Gzeater than, As + >» a ſigviſies that þ is 

Greater than a. The Sig» I is of Leſſer than. As þ A 
i ferifics that 5 is Leſſer than d, &c, | | : 


Example 1. 


Nueſtion 33. A Tobacronift hath three Sorts of Tobacco, viz. 

o of 25. 8d. the Pound, another of 2cd.the Pound, and a Third 

Sort of 16d. the Pound; of theſe he would make a Mixture to 

contain 56 Pound that may be ſold for 22d. the Pound: How 
much of each Sort may he take © 


— ˖— 0 "SS -- — Te” 


— 


Let a= the Quantity of that Worth 32 Pence the Pound, 
| 4 — * of 20 Pence the Pound, And y = that of 16 Pence the 
ound; 


| 
| Then a Te = 56 

„ And 324 ＋ 2c e ＋ 165 = 1232 
1 


ed into its own Price, Equals 
their Sum Multi pliæd into the 


viz, each Quantity Multi pli- 
Ni Prices 


qt | 1 ; G g 2 This 


'y 
, 
F 
91 
* 
be | 
46 
. 
* 


— 


— * 
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This Queſtion being thus Stated, it appears by Rule x, 
Pog: 17%. that it is capable of Iunumerable Anſwers ; becauſe 
For any one of theſe Three Letters a. e. y. there may be taken 
amy Number at Pleaſure, provided it be Leſs than 56. Bur 
although that may be truly done, yet there are ſeveral Ways cf 
Arguing about theſe Sorts of Qreſtions, which will Limit or 


Bound them to all their proper or poſſible Anſwers in whole Þ 


Numbers, Thus, 


Let] Ila -E y 56 
i 2 32a -- 41 + 1 mn As above. 
i—al 3|e-+y=56—a 
2 — 32a | 4 | 20e + ICy = 1232 — 324 
3%*16| 5 16e ＋ 165 = 896 — 16a 
4—51 6] 4e=336 — 162 
6 — 44-74: e="84— :44 Hence: „ 2 
3-7| 8] 5= 34 — 28 Hence a > = 


From the Ito Laſt Ste ps it appears, that the Quantity ſignifi 


by a, ought to be Leſs than 21, and Greater than 94 ; Ihit i, 
any Number betwixt 94 and 21, may be taken for the Value cf. 
Conſequently there may be Eleven Anſwers to this Queſtion i 
whole Numbers. 


Suppoſe 2 = 10 Then e -- 84 — 40 = 44 Per th Step, 


An y = 30 ＋ 2 = 28 Per 8h Step. 


Again, if a= 11 Then e = 84 — 


= 40 Per th Sten 
And y — 


3—28—= 5 Per 8th Step. And ſo on forthe ke. 


which will be as in the following Table. 


„ 


E 2 17 8 5 


— — 


A . 
1044 2142814 18 Þ12 | 26 
\ 11 | 40 ; 15241719 8] 29 
v1 12 | 36 I6 | 209 20 |} 20 | 4 | 32 
13 32 | IT || 17 | 16 | 23 | 


—_ 


Thus it will be eaſy to find out and Collect all the Limit: 


Anſwers to any Queſtion (of this kind) wherein there are on 


Three Quantities propos d to be Mix'd : But when there 2. 
More than Three, chen the Work requires a little more Two 
ble; becauſe the ſingle Limits of all the Quantities above Ir 
muſt be found. I hat is, if there are Four Quantities ch. 
cernd in the Queſtion, the Limits of Two of them mult b 
tound ; It Five @uzantities are concern'd, then the oy 5 

. 7 wt! 
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Three of them muſt be found, Sc. As in the following Qze- 
frion. | ; 

Nueſrion 34. Suppoſe it were required to mix Four Sorts of 
Wines together; viz. one Sort worth 75s. d. the Gallon ; ano- 
ther Sort worth 4s. 7d. the Gallon ; a Third Sort worth 3s. 8d. 
the Gallon; and a Fourth Sort worth 25s. d. the Gallon ; How 
much of each Sort may be taken to mate a Mixture of 63 Gallons, 


ſo as that the whole Quantity may be Sold for 5s. Gd. the Gal- 
lon ; wit hout Loſs, &c. | 


Firſt let all theſe ſeveral Rates, and the Mean Rate, be Reduced 


to one Denomination, viz. into Pence. 


„ 37. 44 = 88d. 45. 7d =55d hs 
Vin. A 55. de = 44. 4. 9% 334 And 55. 64. = 664. 


Then put a — the Cuautity of that North 88d. the Gallon; 


e = that of 554. the Gallon ; y — that of 444. the Gallon; and 
z = that of 33d. the Gallon. 


Then] 1]a +e-+ y-|-# = 63 By the Queſtion. 
And j 2 | 88a -+- 55 ＋ 44y ＋ 33% = 4158 = 63x66 
I—4,.31 e-- y+% = 63 — 4 

P 55% »þ 449 + 33. 4158 — 88a 
3* 331 5 133e + 33) + 332 = 2079 — 334. 
4—-5| 6 |22e 11) = 2079 — 554 

0-11 7 | 2e 4-y = 189 — 54 Hence a f = 378 
3x55 | 8 loge 4555 + 55% = 3465 — 554 
8—4 9 115 + 22 = 334 — 69 

9 u 11] y +2=3a = 63 Hence a > ©} = 21 


From the 7th and 1oth Steps it appears, that the Quantity 
of that Sort of I//ize denoted by a, muſt be Leſs than 37% 
Gallons, and Greater than 21 Gallons : That is, it may be a = 


any Number of Gallons betwixt 21 and 


F 
np 


7 
Whence it follows, that there may be Collected 16 Anſwers to 
this Queſtion from the Limits of a only. 


Next to find the Limits of e, y, and u. 
Suppoſe | | = 22 Then will 5a = 110. And 3a = 66 


But | 12 20 + y= 189 - 5a=79 Per 7th Step. 
12 — 20 13 |y=79 — 2e Hence e f = 29+ 


„ = 392 
Again | 14 Je 4g +%#% = 63 — 4 41 Per Third Step. 
14 — e 15 [TTA 41 — e 
15 — 13 


16 lu =e—38 Hence e > 38 
; From 


—— 
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From the 13th and 16th Steps it appears, that if a=»; þ 


Then e = 39. „ = 79 - 26 1. Andu=e—28=1, 


' Suppoſe | 
But 
18 — 2e 
Again 
20. 


Again. 
172 = 23 Then 52 = 115. And 3a==69 
18 2e ＋ 5 =189 — 5a= 74 Per 7th Step, 
19] y=74-— 2e Hence e = 37 


24.33: UEZ4O wt 


21 — 19 


From the 
Then e may 


Let 
But 

24 — 20 
Again 
26 — e 


20 | + 9 + z =63— 4 40. Per 3d Step, 


22 [ e — 34. Hence e > 34. 


19th and 22d Steps it appears, that if a=1, 
be either 35 or 36. 


Once more for a furthes Illuſtration 


231 a= 24 Then5a= 120. And 3a =72 
24] 2e + y = 189 — 5a = 69. Per 7th Step, 
251 y=69 —2e, Hence e RF = 343 

26 | e +) +4%==63—4a55 39 Per zd Ster 


27 | J+%#%=39 — e 

2] — 25 8 u=e— 30 Hence e zo. 

/ h From hence it appears, that if a = 24, Then e may l 
Wh either 31. 32 . 33 . Or 34. viz. it may be any Number be. 
ö 3 twixt 30 and 342 by the 2 and 28th Steps, from whence the 
iv Values of y and # may be eaſily found. 45 | 


! j 4 31. 

Fo That is, if &” 2:38 * 
fe | 2 == b / — 3 . 164 — 3 
© = 34. J=T- U= 4 
Proceeding on in this manner with all the other ſingle Val: 
of a, there may be found above 120 Anſwers to this Queſtio: 
in whole Numbers: And if you pleaſe to put a = Fraction, 
there may be found an Innumerable Set of Anſwers ; whereas tit 
Rule of Alligation in Vulgar Arithmetick affords but only ane 
Anſwer in Fractions; to wit, that of a = 312. e = 1% 
4 = 103. 4 = 10%. As may be eaſily try d, per Rule FF 
115, & | 
Theſe Two Examples being well underſtood (Eſpecially l 
The Laſt be throwly purſu'd) may ſuffice to ſhew Methot 
of Jimittug the Anſwers to all Sorts of Queſtions of this kind, f 7 
{ ſhall therefore conclude this Chapter of Cue ſtions, w_ © bt 
giving a Solution to the Enigma (or Riddle) Propoſed ( w * 


And z=t 


* = 2 


Then y=7 + 
= 5 
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not Anſwered) by Mr. John Kerſey, in the Cloſe of the 
Appendix to his Arithmetick, which affords ſeveral pretty Que- 
ſtions, the Soluti on whereof will diſcover a certain Senterce con- 
lifting of Three Words, which muſt be found by the Help of 
Figures placed (or ſuppoſed to be placed) over the Twenty Four 
Letters of the Alphabet. 


1. 2.3. 4.5. 6. 7. &. Called Jadices. 
Tins |, . 5 . . d. e. F. g. Ke. to che laſt Letter. 
So that if the Index of any Letter be once found, the Leiter to 
which it belongs, is Conſequently known, 


The Aniama. 


1. If the Difference between the Þ:dices of the Second Letter 
of the Second Mord; and the Third Letter of the Firſt Word, be 


- Multiplied into the Difference of their <quares, the Product will 


be 575. And if their dum be Multiplied i into the Sum of their 
Squares, that Product will be 2336, the Index of the ſaid Third 
Later being the Greateſt. 


' a = The Greater Index, or that of the 3d Letter | 


Let I 
And 2 | e= The Leſſer, or that of the 2d Letter. 
34 -en aa —ee= 576 | 
Then 3 | 4 laden 4 re= 2336 3 Er e Orten. 
3z* | 5 laan — aae — ace + eee = 576 
4% |] © | aaa aae + are + eee = 2336 
6—5 17 2448 & 2a = 1760 
6+71 8 aaa T zaae ＋ 3aee- eee = 4096 
8 3149 2 + 4896 = 15 
4-4 e410 aa + ee = 22D 2 = 146 
98 2111 la ＋ 22e + ee = 256 
11—10 | 12 24e = ITO 


* EET 

13w2 [14 Ja—e=,}/36= 1 

9 14 [15 [24 22 rom hence it appears, that the za 
15— 216 a= RIS of the 1/t Word is l, aua 
9— 16 „a the 2d Letter of the 2d Mori ige. 


Note, In order to ſet down the Letters Cas they become found) 


in their Proper Go it may be convenient to ſupply the vacant 
Places with Stars. 


Thus 8 Word Second Word. Third Word. 


N N ein : (KK KAXKE 
-_ — nal a — © — 
2. The 


ö . 
. 


1 

* 

* 

1 

: Ll 

1 

, 

= bod, 

"vo 
Y 1.04 

3a \ 

* 

75 0 

1% 


2 


* = —— 3 F > 
. 
* - 5 
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2. The Hdices laſt found, are the Two Extreams of Four 
Numbers in Arithinetical Progreſſion, the Leſſer Mean being the 
Index of the Firit Letter of the Third Word; and the Greater 
Mean is the [dex ct the Fourth and laſt Letter of the Firſt Word, 


Viz. 5. 7. 9 + 11 are the Four Terms in Arith. Progreſſng, 


Whence it appears, that & (whoſe Index is 7) is the Firf 
Letter of the Third Word; and that z (whoſe dex is 9) i; 
the Fourth or Laſt Letter of the Firſt Word; which being placed 


down, will ſtand thus, K li enn Cxxp 


z. The Second Letter of the Third Word, is the ſame with 
the Third Letter ot the Firſt Word; and the Fifth Letter of 
the Third Word is the fame with the Laſt Letter of the Fin 
Word. 
Whence the Letters will ſtand thus, Kli. KKK Gli 
4. The Sum of the Squares of the Judicès of the Firſt aud 
Second Letters of the Firſt Word is 520. And the Product of 
the ſame Indices is ſeven Ninths of the ©uare of the Greater 
Indox, which is the /»dex of the ſaid Firſt Letter. 

Let 2 =the Greater, and e = the Leſſer dex. 


Then | 1 E ＋ ee = ond According to the Data. 


And | 2 | ae = ga 


— — 


2—al 3] e=3}a 

3824 = +2 aa 

I—4| 5 1232 520 — 47 aa 

5x81 | 6 |814aa==42120 — 49a 

6 þ 49an | 7 |130aa = 42120 
7-- 130 | 8j aa = 343 = 32 : 

8$wil 9 | any 32421 It's Letter is 8: 
3, 9110] e = Ja=14 It's Letter 18 o. 


Hence the Letter will ſtand thus, Soli. ,e,, Gl. KKix- 
5. The Difference between the two Laſt Indices, is the Jada x 

of the Firſt tter of the 2d Word; vi z. 18 — 4, = 4 being 

the Index of the Letter D. 

Then the Letters will land thus, Soli. De A · Gl. xx i. 


6. The 


F 
. 
' 
N 
* 


0 


which ſhall be 


| theſe Words, 


o 
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6. The Third and laſt Letter of the Second Weid, Alſo the 
Third Letter of the 1 Word, are the ſame with the Second 
Letter of the Furſt Wor | 1 ; 

Hence the Letters will ſtand thus, Soli Deo Glo *%'*+ 


ä 


7. The Sum of the Indices of the Fourth Letter of the Third 
Word, and the Sixth or Laſt Letter of the ſune Word, being 
Added to their Product is 35. And the Difference of their 
Squares is 288. The Index of the Laſt Letter being the Leaſt, 


Put a == the Greater, and e == the Lefler Index, as before, 


Then | 


ae +4 -+ e = 35 
And y By the Data. 


aa — ee — 288 


1—al ae T 235-4 


1225 == 704_Þ 42 
22 1 aa -x- 24a + 1 


1 
2 
3 
34 41 44. For ea EIS u - 

388 aa ＋ 24 ＋ 1 

6 x 44 &C. | 7 1 + 24* + aa 2884 + 576 ＋ 288 

| + 1225 — 70a A aa 
. 


Q& 


a + 1 
4&2] 
2 OT: 1225 — 708 as 
| 
4 + 24d — 28844 — 5064 = 1513 


This Laſt Fquation beirg Reſolved accordivg to the Method 
n in the next Chapter, it will be a —= 17. 
[ts Letter; And from the 4th Step e — Nn. 


2 1 
a += 1 
Index of the Letter a. 


Then theſe Two Letters being placed according to the Data 
above, are all that are require by the Enigma ro Complear 


Soli Deo Gloria. 


H h vb CH APs 
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the Theorems. 


— 


CHAP. X. 


The Solution of Adleded Equations in Numbers. 


Before we proceed to the Solution of Adſfected Fguations, i 
may not be amiſs to ſhew the Ixveſtigation (or Invention] cf 
thoſe Theorems or Rules for Extratting the Roots of Simpl: 
Powers, made uſe of in Chapter 11. Part 1. 

I ſhall here make Choice of the ſame Letters, to repreſent th: 
Numbers both given and ſought ; as in my Compendium (| 
Alege bra. 

G, always denote the given Reſolvend. 


gay Number taken as near the true Root 4; 
Viz. Let V © 185 be, whether it be Greater or Leſs. 
f x the unknown Part of the Root ſought, h 
| _ 1 which v is to be either [rcreaſed or Decreaſed, 
Then if + be any Number Leſs than the true Root, : 
it will be + e — the Foot fought. . 
But if + be taken Greater than the true Root it will then 
be » — e = the Foot ſought. G 


And put O for the Dividend that is produced from G, after 
it is L. ſſen d and Divided by v &c. (into the Co-efficients of Þ © 
Adfeted Equations) according as the Nature of the Kot ! 
requires. | © 


Theſe Things being premiſed, we may proceed to Kaiſvy ; 


Section 1. 
J. For the Square Root, viz. an = G. Quere 4. 
Let 1 11» E22 4 
1@ 22% + 2re ee aa —= CG 
2 - iir 31270 Tee G xe Call it D, viz. D = = l 


; | f D 5405 thews the 1 thi 


Then 4 ——— =eyot Extracting the Squat 
| | 5 * E i Root, Sect. 5. (. 1 I. Part J d 
2 5 a 6 — 715 ER | 
32 2 5 Ye —— IO = > — D 1 
Which gives this Theozem 4 1 p | 
. 


The Arithm-tical Operations of both theſe Theorems, I 
have in the Examples of Sectio 2. Page 126; To which, 
releł 


ry 
Hod 
are 
Mt 1. 


you 
| 
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refer the Learner, ſuppoſing him by this Tie to underſtand them 
without any more Words than what is there expreſt. 


II, To Extract the Cube Root; viz. aaa G. Quere a. 


Let | 1 [+ Te à Suppoſing r Leſs than the true Roof. 
I&3] 2 [77-+ z7e + 3er - ce aca = G 
2—rrr 1, 3 zrre Þ 0 e e rrr 
a eee — rr. 
7 1 77 57 2 


Let = be Njected or Caſt off, as being of finall Value : 
Then it will be, 7e fee = D, which gives this following 
Theozm 4 D — # 


1e 

By this Theorem or Rwle, the 1ſt and 2d Examples in Caſe 1. 
Foge 132. are perform d; the which being compared with this 
Th-ore; may be very eaſily underſtood. 


Again, Suppoſe aaa = G, (As before) And let * be taken 
Greater than the Tyre Root. 


Then I 11 — e- 2 Ned being Reject- 
1832er zrre I zree = 43 = G ed as above. 
2 3 13770 zree S rr — G 
| ry — GG 
1274er 7 =D 
DE oh ; D 
Which gives this Cheoꝛem 0 3 


By this Theorem the Third Example in Caſe 2. Page 133. is 
perform'd. 


III. To Extract the B.quadzate Root; viz. a. = G. Quere 2. 


' Let] 1jr þe=a Suppoſing 7 Zeſs than Fu. 

18 42 l A- 47770 + 6rree a I Kejccling all the Pow- 
2— . 3 | 4rrre + Grree — (2 ers of e above ee. 
3 — 277 4 ae + 3e0 = En = 2: 

Which gives this Theozem 4 D — e 

2 A= 3e 
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Part 1]. 
By this Theorem the Biquadrate Root of any Numb | 
Extratted But as I have already Pi Fug 134. thoſe 1 
zractions may be very well perform'd, by Two Extraction; of b 
Square Root. Vide Example Page 135. f 


IV. To Erctract the Surſfcite Koot, viz. af — G. Quere 1 
If » be taken Leſs than zrft, then ye a. As before 


And 4 Gong = D. Which gives this Theozem 4 _£ 1 

To —_— = 
By this Theor. the Surſo/id Root Evamp. I. Page 1756, i 8 
Bur if » be taken Greater than fuſt; Then — Dr 1 


40 "LS = D. Which gives this Tdeozem} 2 
By. this Laſt Theorem the Example in Page 137 is perfm 


* 


I preſume it need leſs to purſie the Raiſing of theſe Theo 
for Extracting the Roots of Simple Fowers, any further; beg 
the Method of doing it is General, how high ſoever they u. 
and therefore it may be eaſily underſtood by what is already don 


Pe EEE 


nnn 


Section 2. 


Notwichſtanding I have already ſhewed the Solution of wh -- 


dratick Fquations Two ſeveral ways, viz. by Caſftiy of 
Loweſt Term : And by Compleativg the Square, vide Ka, 
Page 195, &c. Vet it may not be amiſs to ſnew, how i!? 
Fquations may be Reſolved into Numbers by this Uni, 
Method of Continued Series; wherein, if the Firſt + beri 
Equal to che Firſt true Rost or Single Side of the Reſolvi 
And every Single Value of e (as it becomes found) be 
Added to it, for a new 7, Then thoſe Roots may be Ee 
without repeating a Second Operation, As before in the yr 
Powers. 8 5 

Caſe 1. Let aa ＋ 2b = 6G. 'Tis required to find the 


99 
Put I | 7 +e = ” FR 
18 22 ＋ 270 ＋ e 2 
1 * 26 3 2br + 2be== 26 
2+: [Iz are A abe Ice g an þ+ ala 
4 — 77 OC 5 278 + 2bee + ee = G r — ar 
* 2 | 6] re + be 1e = 16 - er 


5 1 
Which gives this Theozem == 7 2 2 


Ir - 2 
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|. Suppoſe b = 364 And G = 386928 
| ppoſe þ = 364 n _ 92865 
* Ir = 6000 Then 11 = 26500029 And 25. — 4368500 
But 26000099 ＋ 4368200 -- 40358000 > 38092865 — G 
Therefore the Firſt +» & 6000. Let r = 5000 Then 


w ſt” = 5585 193464323 = 1G 

| þ = 364 — 1432000, = wr + tr 
. = 5364 50264325 = D (859=e 
4 + e 499 45112 

1 Diviſor 5764) 41523 ( 6 Se 

= 2dr + b = 6164 37164 

= T = 30 
rm ; er 433592 4 

1 2 Devi ſor 6194) 4359245 B67 1 
rec zar 8550 þ 6224 5 
ECA | = 2 — 345 
. ; 3 Diviſer 6227,5 


"_ =; 5855 = 5867 — a As was requircd. 


2 Fi Caſe 2. If aa — 2a = & Then proceeding as above, there 
will ariſe this Tbeoꝛem 2 — 
* . Fc 4 * 27 
And in Caſe 3. viz, 2 — a = & you will have 
mis Theozem 7 — &. As above. 

I think it needleſs to trouble che Reader with the Work of 
$ theſe Two Theorems in Numbers; becauſe if the laſt Fxampie of 
g Caſe 1. be underſtood, the other will be y Not bur that 
che Method of ( ompleatirg the Sqrare is very ready and cafy, as 
you may obſerve by the Work in ſeveral Queſtions of this Chapter. 
e — 

1 Section 3. 


In the Sofie of all HAfected Fguations, that are above (or 
Ligber than) GQuadraticks, it will be the beit way to take 2 == 
I che next neareſt Root of the Æquation: And then it will 
| ber + e = aif x be Leſs than ft; Orr —e= a 
=} Fif » be Greater than juft (as at the beginning of this Chap.) 

And all the Powers of the unknown Part of the Roof (vx. c) 
above its Square (ee) are to be rejected or Coft Off; As before 
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in Raiſing the Theorems for the Simple Powers. And therefore 

it is, that to ſupply the want of thoſe Powers (above ee in the 

p Theorem) the Operation muſt be repeated: As in the E 

1 | xample 

; of Extracting the Cube Root, Page 133. viz. when the Figure, 

1 in the Root conſiſt of more than Three Places, (vide Page 149 
} 


| and 141.) 

| Suppoſe aaa + ba = G. Quere 4. 

| Let| 1]r-+e2=a viz. Let r be ſuppoſed Leſs than 
9 18 31 2 + 3rre + ⁊2ree dada (juſt 
k Txb6| 3|Þr + be = ba | 
R 2 +3, 47+ # ze A be A zree S CIA 
bi. 1 „ 5 r . = bee =EZ 
ti be 4 4 

+ 5 — & | e ee =, 1 —1þ — 

Which gives this Cheoꝛem = 


+ Se 
But if „ be taken Greater than 7uft, Then it will 


3 
be re + 7 ee = ivy + {4b — - —= D Which produce: 


— 8 — 2 5 — bo gt 
„ Ur _— 2 — _ — 2 — — — 


0 F D : 

1 this Theoꝛem 7 S_— 

5 n 

1 By either of theſe Two Theorems the Value of 2 may be eaſily 


found. Or rather otherwiſe as in the following Example. 


Let a + 24a = . Here þ = 24. 
Suppoſe the Firſt x» = 90 en #3 — 729900 > 567914 
without the 24 * 90 being added to it: Therefore x < 99 
"== Again, Suppcſe - 80 Ihen 13 = 512000 And 24 r= 192 | 
as But 5120000 + 1929 — 519920 I; 587914 Hencer> Þ, 
” _,  butnearerto it than 90. Therefore 


it muſt be | I\7 Fe =& Leſs than yufi 


I&3] 2, vr + re zee = aaa 
I x 24 3 | 247 + 248 = 244 


2, in Numb. 4 ' 512000 + 19200e + 240% = aaa 
3, in Numb. | 5 1920 + 24% = 244 
4 +5 | 6 1513920 + 19224 + 249ee = 587914 E 
g— 513920 | 7 | I9224e + 240ee = 73994 
7240 j 880, 1 ” ee = 308,21 > D j 
BS r 


Operatio 


2. Diviſor 83,7735) 403290078 


i 
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5 Operation 82,1) 308,31 =D (3,7, = e 
e =>3 249,3 
1. Diviſor 83,1) 59,01 * Firſt + — 80, 
+ & = 4 58,66 W 
2. Diviſor 83, 8) 35 » Þ e= 83, 
Or rather New 1 — 83,7 for a Second Operation, which 


being ix volved and tryed (as above) will be found Greater than 
juſt : Therefore 


it muſt bey 1 IT — e == 2 
18 32 zrre + 3ree — aaa 
I x 24 Z an 

2, in Numb. | 4 1 586376, 253 — 2101), e ＋ 251, lee = aaa 

35 in Numb. 5 2008,8 — 246 242 (914. 
4+ 5 | 6 | 588385,053 — 21041,07e + 251, lee — 587 
E 7 | 21041,07e — 251,Iee = 471,053 

72 251 | 8183,7955e 3 1587595778 = D 


= [e = 855555 
2. Operation 83,7955) 187595778 (0223 = e 


— & = 522 I,0755109 
1. Diviſor 83,7755) 952001477 
— — „02 51675470 


— — 


„ „02513196 


3. Diviſor 83,7732) 900776882 
Having once found half the Places of Figures for the Value 


of e, ir will be needleſs to form New Diviſors (as above) ; for 
the Reſt of the Figures may be as truly found by plain Diviſion 


only. 7 7 8820 
The laſt Diviſor is 83,7732) 9997760020 (, 0223 Se 

© 7539588 e827 N AG 
Waſt » = 83,7 2292330 223927 
er 40223927 1675464 

— = 83,6776973 4 6168569 
i . 5864124 &c. 


Put if more Fxadtneſs be required. you may make the 


Newer = 83, 77073 And proceed with it to a Third Op. - 


TR:2O7 ; 


ration; which will afford Twenty Seven Places of F igures fi 


the Value of a. That is, every Operation will produce Trip 


the Places of Figures to thoſe of the Precedent r. And thi 
Tripling the Places of Figures in the Root, at every Operatim, 
holds good, and is to be obſerved in the Solution of all Adfecdid 
Aquations (bow high ſoever they are ) according to this Meth: 
of Reſolving them. See Pag? 141. | 


Example 2. Suppoſe aaa — La g G. Quere a, 


Ifr +e 4 Then re Ke + $6 — 1rr=0 
D 

which gives this Theorem) | ed 

hich gives this Thecrem _ Ls 

But if + — e = a Thenyze 12.4 ee . + 15 > ri 
D 

1 1 I — =O 
which gives this Theorem * 5 170 


Or you may proceed otherwiſe as in the Laſt Example. 


Let aaa — 64384 = 104785688 Here 5 — 6438 
Suppoſe the Firſt 7 = 500.777 == 125900000 and by 32197 
Then 125902000 — 3219099 121781000 
But 121781000 > 104785688 Therefore x < 590 
Again, Suppoſe 7 = 490 rrr — 64900900 . and by = 2575209 
Then will 64509029 — 2575209 = 6142800 
But 61424890 I 194785688 Hence = 409 

Conſequently u is betwixt 400 and 500. But 500 is the ven 
neareſt; Therefore, Let r = 500 being Greater than juſt. 


Thea: ⸗ 
1&0 2 2 fr — 3rre + gree aa 
IX 53 |br be = ba 


zy in Numb. | 5 3219000 == 64388 = 64384 (548 
4-5 121781000 — 7435 + 15D %̈ = 10411 
743562 — ISOOcr == 16995312 
| 495e — ee = 11330 = D 
= —2 
| 495 — e 


2, in Numb. 4 | 125000000 — 750900! -+ Io = All 


D 0 
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1 operation 495) 11339 (238 S 


— * — 


a I. Diviſor 475) 1830 Firſt x = 500 

, —e= 3 1416 — e= 23,8 

2. Diviſcr 472) 4140 7 — & = 476,2 = 4 
3770 


Let New r = 476 for a 2d Operation. Then »3 == 107850176 
and % = 3064488 But 1c7850176 — 3064488 = 194785688 
the fame with the Reſolpvend, Conſequently a = 476 zuft. - 


Example 3. Let ba — ana G. Quere 4. 
I r + emma ThentZ —72 er = IE + 477 —33 — D 


D 


which gives this Theorem) L N 
5 ry — N 


. 232 3G E ROOD 
But if — ea Then re ——= — e., ir — =D 


2 
Yo — e 
7 


which gives this Thorn 


Or otherwiſe as before in the Two Laſt Examples. Thus 


Let 1234564 — aaa = 12272861 , Here 5 = 123456 » 
2 WW Suppoſe the Firſt » 200 Then rr g 8500000 . and 
f — 24591209 . then 24691200 — 8000000 = 16691200 
dir 16691200 > 12272861 . therefore y is here Leſs thau 
i, becauſe the higheſt Power is —, or Negative. 
Avan, Suppoſe r —= 200 thenr? = 27000000 and by — 37036800 
Then 3703680 — 27000000 = 10036800 < 12272801 
Conſequertlyr < zoo and r > 200 | 
er = 300 . being the next xrareſt, but more than 7»/f. 
85 I Jr —e= 4 | 


10-31] 2 | zrre I 2ree = aan 
(8 | f 1*ð* 5 3 „ 
470 2, in Numb. 14 

35 in Numb. 5 


ang 


27000000 — 2700008 ＋ 926 ee 
37036800 — 123456e 
6 | 10036890 + 1465448 — 900ee = I 2272801 
7 | 1455448 — pode = 2256261 
7—o\ 8 {1622 — e 2484 =D 
9 D 


3 . Pas 


7 1 


4 


162—7 11 Opera- 
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Operation. 162) 2484 (16,6 = e 8 
_  - 0 : 2%. 

1. Diviſor 152) 964 Firſt » — 300 

i . 870 — 2 16,6 


— — 


2. Divi ſor 146) 88,0 


1 283,4 . 
87,6 


Or New y 283 which being Jyvolved, 8c. will appear tobe 
the true Root. That is, a = 283 74ſt. 

Note, Theſe are uſually called the Three Forms of Cui; 
Equations; and in the Solution of the Third or Laſt Form, viz, 
ba — aaa = G, you may meet with ſome ſeeming Difficulties ; 
eſpecially in making (Hoice of the Firſt r becauſe this Aguatin: 


is an Ambigious Fquation, and hath Two Affirmative Rocti 


viz. a Greater and Lr Root. But having once found either 
them, the other may be eaſily obtained by Divi ſion on 
As in the Quadratick Fgquations. Vide Chapter 8. 

As for inſtance, in the Laſt Example, a = 283 
And 1234564 — aaa = 12272801. Mate theſe Tu 

Equations = o. To wit, Let a — 283 =o. 

And — aaa + 1234564 — 12272861 == 0. 
Then, a — 283) — aa 1234562 — 12272861 ( — « 
— aaa ＋ 283aa 


N 28300 + 123456 ( — 2858 
— 28342 + 820894 | 


＋ 433674 — 12272861 (+ 4330 
＋ 433674 — 12272861 
(0) (0) 

Hence it appears thit — 4 — 2834 + 43367 =0 : 
Conſequently aa + 2834 — 43367 this Equation bein 
Solved, a = 110, 2722 Gr. which is the Leſſer Root of tit 
aforeſaid Æquation ba — an A &C. 


After this manner all the poſſ lle, and impoſi Ve Roots of al) 


Fgquation may be eafily diſcovered, any one of its Roots bein; 
once found. I ſhall therefore omit ½ſertiug more Examples" 
that kind. 


Suppoſe ana þ+ ba: + ca g G. Quere a. 


Let 2 = 76, 2 8729. and 4 — 560783 

By Trial (as before) it will be found that the zext near! 

Nn = 40 being ſomething Leſs than 7ſt. Tan 
Crciv 


<> 
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Therefore | 1 ”-e=a 
[N41 0.4-0.=e 
192: „5 3] brr r 2bre + bee — baa 
1G 34 rr F zrre + 3ree = aaa 
2, in Numb. 5 349169 + 8729e 
6 118499 ＋ 5% + Jae 


z, in Numb. 
4, in Numb. | {| 64099 + 4800 e -i- 12020 

5 + 6-i 7 | 81 531560 +19449e + 194te = 560783 
8—531560 | 9| 19449 e ＋ 194% = 29223 

9 — 164 1 100, 20 3 % = 16306 D 


_ 2B Mr Pp 8 
—_— | | 4 100, 2 . e 
Operation. 100, 2 153,06 (1, 5 2e 
2 1 101,2 Firſt + = 40 
1 — 5 1 
1. Diviſor 101,2) 51,86 T 
„ - ”+Fe= 41,5 =4 
2. Diviſor 1017 1,01 


Or New » = 41,5 for a Second Operation, which being duly 
Iolved, &c. will be found more than fuſt. 
Therefore | I] r —e=4 
2] (7 ce = ca 
Then 31 hr — 2bre -\- bee = bas 
4 | ur zrre A 3ree = aaa 


Theſe being turn'd into Numbers, &c. As above, they 
will be 20037,75e — 198,5ee = 390, 375 which being 
Divided by 198,5 the Co-efficient of ee will become 

199,946e — ee = 1,966624 &c. — D. 

Operation, 100,946 1,966624 (019=e 


—# =. O01! 1,9936 
1. Diviſor 100,936) 957264 
— 099 2888343 
2. Diviſor 100, 927) * 89210 (,000.48 
Here! proceed by 8 * 
F 3 on, without 866025 194847 2 
tormin Viſors. 
| ee 897416 
Laſt y = 41,5 476040 


Seen g194847 403708 
er 4,4805153 24 72332 Ke. 
11 2 


Let 


it 


— 
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Let the Laſt # quatio7rs iu the Enigna, Chap. 9. be here pro 
Poſed for a Solation. 


Viz. anna+ baan — eaa — da = C 


$ 2, c = 288.4 506. and & = 1513 Quere 4. 


By Tryals it will be found, that the next neareſt 1 = 11 
being ſomething more than z#ft. 


Therefore | 11712 —e 24 


1 * 4 | 2\&r de = da 

1G 2: xc: 3 | cory — 2076 I cee caa 
2 2 
1 @ 4151 — yqrrre I Orree = aaa 


Theſe being turned into Numbers, and thoſe duly Collected 
according as the Signs of the Equation: direct, they will become 
50680 — 223748 + 22 32ee = 1513. whith being 
Divided by 2232 the Co-efficient of ce, 
will be 10e — ee —= 22 = D. 


Thenq —— S e 
Operation, 1c) 22 (z ge 
— 22 3 22 . 
Diviſor 7) 1 
Firſt = 20 
— e= 3 
„eri a juft. See the End of Chap. 9. 


By what hath been already done, about the Solution of thele 
ew Zquations (being carefully frond) I preſume the Learm 
will ealily Conceive how to proceed in the Solution of all kind 


ef Æguations, be they never ſo High, or Adfected ; therefore | Þ 
mall not here propoſe many various Examples, but only tab 


them as they fall in Corſe when J come to the next Part, whert 
in you will (perhaps ) id ſuch Æquation with their Solution! 
as are not common. 


CHAP! 


| 
| 


—- 
%  < — =X£&  %& «© V& WL 3 


! 
j 
{ 
4 


2 


Ne 


al 


P, 
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CHAP. XI. 


Of Simple Intereſt, Annuities or Penſons, &c. 


Intereſt or the Uſe paid for the Loan of Money, is either 
Simple; Or Compound. 


Section 1, Of Simple Intereſt. 


Simple Jntereſt, is that which is paid for the Loan of any Prin- 
capal or Sum of Money, Lent out for ſome T7me, at any Rate per 
Cent: Agreed on between the Borrower and the Lender; which, 
according to the late Laws of Eg ad, ought to be Six Pounds 
for the Uſe of 100 for one Year, and Twelve Pounds for the 
Uſe of 100 J. for Two Years, And fo on for a Greater, or 
Lr Sum, proportionable to the Time propoſed. 

1 here are ſeveral Ways of Computing (or Anſwering Queſtions 

about) Simple Intereſt ; as by the Siuigle, and Double Axle of 
Three (See Page 96, &c. ) others make uſe of Tables Compoſed ar 
ſeveral Rates per Cent. As Sir Samuel Moreland in his Doctrine 
of Ixtereſi, both Simple and Compound, is all perform'd by 
Tables; wherein he hath detected ſeveral Material Errors com- 
mitted by r Newton, Mr. Kerſey upon Nirgate, and Mr. 
C/avil, &c. in the Buſineſs of Computing ztereſt, &c. by their 
Tables, too tedious to be here repeated. 
But 1 fhall in this Tad take other Methods, and ſhew that 
all Computations relating to Simple tereſt, are grounded upon 
Arithmetick Progreſſion ; and from thence Raiſe ſuch General 
Theorems, as will ſuit with all Cafps. In order to that 


P = Any Principal or Sum put to Intereſt. 

Let JK = The Katio of the Kate, per Cent. per ſuxum. 
t — The Time of the Principal Continvance at Iutereſt. 
A — The Amount of the Principal, and its Intereſt. 


' Note, the Ratio of the Rate, is only the Simple Intereſt of 10. 
For one Year, at any given Kate; and it's thus found. 

Viz, 100: 6 :: 1: 0,06= the Ratio at 6 per Cert. per An. 
Or 100: 7 :: 1: 0,07 =the Ratio at 7 per Cent, &c. 


Again 100: 7,5 :: 1: 0,575 = the Ratio at 7 and 4 per Cent 


And if the given Time be whole Fears; then 8 = the 


Humber of whole Years: Bur if the Time given, be eithes pure 


Tarts of a Fear, or Parts of a Year mixd with Fears; thoſe 
Tarts muſt be turn'd into Decimals ; and then t == thoſe 


Pecimals, &c. Now the Common Farts ct a Year may be 


eaſily 


. 
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cuilly turn d or converted into Decimn! Parts, if it be confidere; 
Day is the zr Parts of a Year = 0,00274 fere 

That one Month is th? , Part of a Year = 0,9833332 &, 
Garter is the 4 Part of a Year = 0,25 

Theſe things being premiſed, we may proceed to Rai ſing the 
Th: orems. 

Let & = the Intereſt of il. for one Year. As before, 
Then 2K = the Intereſt of 11. for two Years. 
And 3R= the utereſt of 11. for three Years. 
4R — the Iutereſt of 11. for four Years. And ſo © 
for any Nnmnber of Years propoſed. 

Hence it is plain, that the Simple Intereſt of one Pound, 11 
Series of Terms in Arithinetick Progreſſton Increaſing : whit 
Firſt Tm and Common Difference is R. And the Nuinber of 
all the Terms is t. Therefore the Laſt Pim will alway; 
be R the Intereſt of 11. for any given Term ſignified by t. 
Then 45 one Pound: Is to the Intereſt of 11. :: So 15 ay 

| Principal or given Sum: To its Intereſt. 

That is, 1]. : K:: P:tRP = the Intereſt of P. Tha 
the Principal being Added to its Intereſt, their Sum will be 4 
the Amount required: Which gives this General Theorem. 


TheoremtRP P= A 
From whence the Three following Th-orems are eaſily deguce!, 


Theor:'ar JI — P. Theorem Sd ITF m_ 


Theorem 44 LE = ?. 


Thefe Four Theorems Reſolve all Queſtions about Simple Inter 


— — 


Qucſlion 1. V hat will 256, 10s. Amount to in 3 Years, 0 


Quarter, 2 Months, and 18 Days, at 6 per Cent. per Armin. 


Here is given P = 256,5. R = oo. And f = 3, 0% 
For 3 Years = 3, Quere A. Per Theorem 
one Quarter S 0,25 
2 Months o, 16667 = 0,08333 * 2 
18 Days = , 4932 = O, oo274 x 18 


Hence t = 3,6599: x 0,06 = 0,2979594 = R 
Then o, 2079504 x 256,5 = 53,341586 RP 
And 53,341586 + 256,5 = 309841586 = tRP -|- P =4 
That is, 309,841585 == 3091, 165. 1:4. being the Anbvt 


required, — 


ho 
44% 
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Myettten 2. What Principal or Sum being put to Intereſt, 
will Raiſe a Stock of 3ogl. 15s. 10d, in three Years, one 
Quarter, Iwo Months and 18 Days; at 6 per Cent. per Au- 
num © 


Or the ſame Queſtion otherwiſe Stated thus. 


What is zol. 16s. 10d. due 3 Years, one Quarter, 2 Months 
and 18 Days hence, worth in ready Money; Abating or Diſcouut- 
ing 6 per Cent, &c. 

Here is given A = 309, 841586 K = 0,06 ft —=3,46599 
(found as before) Thence to find P. Per Theorem 2. 

Furſt 3,46599 x 0,06 = , 2079594 = t R 

Then & + 1 = 1, 2079594) 309,841585 -= A(256,5 = £ 

That is, 256,5 = 25601. 10 3. the Anſwer required. 


Queſtion 3. At what Rate or Intereſt, per Cent, &c. will 250. 
1s. Amount to zol. 165. 1cd. Iu 3 Years, one Quarter, Tuo 


ouths and 18 Days. 


Here is given, ÞP 256,5, A = 300, 841586 and t = 3, 46599 
To find K. Per Theorem 3. 

Fiſt 329841586 — 256,5 = 53,341586 — A — P 

Next 3.46599 x 256,5 = 889, 20435 =t & 

And IR = 889,026435) 53,341586 (09,96 = the Ratio. 

Then 11.:0,36 :: 109 : 6 = the Kate required. 


Queſtion 4. In what Time will 2561.. 10s. Raiſe a Stock 
of (or Amount to) zog l. 16s. 10d. at 6 per Cent. &c. 


Here is given, P== 256,5 A = 309,841586 and & == 0,06 
To find t Her Theorem 4 

Fire 329841585 — 256,5 = 53341586 = A — P 

And 256,5 x c 6 = 15,39 = PR 

Then 15,39) 534341585 (3,46599 = f 

That is f - 3 Years and ,45599 Decimal Parts of a Far; 
which may be brought into Common Parts of a Y-ar, thus 


0,46599 And 0, 08333) 0,21599 (2 Menths. 
c,25 = oze Guarter : „16666 

0,2 1599 0,02C7 4) „4933. (18 Days. 
Hence f — 3 Yeors, one Quarter, 2 Months, and 18 Days; 
e Anſwer required. 


It muſt needs be eaſy to Conceive, that what is here done 


St 6 por (ent. may be done at any other Rate of Iinereit, by 


Vrnung the Ratio, viz. R accordingly. 
Sci limm 


— _ ——_—— — 
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Scholium. 


Altho' it be according to the Laws and Cuſtom of England 
to compute Intereſt ar the Proportion of 6 per Cert, (as abore) 
yet he that takes up Money at Intereſt for any Time Leſs thay 
Even or Compleat Years, pays more Intereſt than ſeems reaſ:. 
nably Due, according to the Rules of Art, : 

As for inſtance : it 199 1 be forborn at Intereſt one Whale 
Year, it amounts to 1001. But (I fay) if it be paid at the Halt 
Year's End, it ſhould not amount to 103 J. As appears from this 
following Troportion. 

Let a = the Amounts due at the Half Year's End; Then it 
will be 100: 4 :: 4: 106 rhe Amount at the Year's End, 

Ego aa —10600 And a —,} 1060 = f N 10:1. 198. 114. 
wluch is Leſs than 103 J. by 104d. And if it be paid in Leſs than 
Halt a Year's Time, the Error muſt needs be the Greater. 


Section 2. Of Anruitics or Penſions in Arrcar: ; 
Computed at Simple Intereſt. 


Anmities or Pen ſions, 8c. are faid to be in Arrears, when they 
are payable or Due, either Yearly or Half-yearly, &e. and are 
Unpaid for any Number ct Payments. Therefore the Buſineſs is, 
ro compute what all thoſe Payments will Amount unto, allowing 
any Rate of Simple Intereſt for their Forbearance, from the 
Time each particular Payment became due: Now in order ta 
that 
en the Annuity, Pen ſion, or Yearly Rent, &c. 

Pur df = the Time of its Continuance, or being Un; aid. 
R = the Kat io, or Ixtereſt of 1 J. for 1 Year, As before. 
AZ the Amount of the Annuity and its Ixtcreſt. 
Then if u= the Firſt Year's Rent, due wichout Ixtere ſt. 
And * 2 on une > Due at the Exd of the Second Year. 


2Ku = ihic Intere 7 | | ; 

And zu = the Rex 7 Dee at the Eid of the Third Year, 
Lan -_ on 2 Due at the Erd of the Fourth Year. 
9 5 = 2 Due at the Exd of the Fiſth Har. 

And fo on for any Amber of Years. Hence it's Evedent, that 

Ru + 2 Au A 3 Ru +4Ku+51u=A the Sum cf all the 


Rents and their Iatæreſt, being forborn 5 Years, - 
| rom 


my iN 
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From whence it follows, that R# + R + 3Rwu 4- wy Oo” — 
Here f = 5. Divide by u, The R {+ 2 R-+ 3 R4- 2 


Ic 


Next to find the Sum of this Progreſſon (See Page 185.) Thus 


Let RÞ2R + 3R-|-4R&c.=z. Then 142 ＋3＋A &c. A 


Here the Sm of the Firſt aud Loft Terms are 4+ 12 5 -=t 
And the Numbers of all the Termsis 4 = t — 1. Therefore 


— t— the Sun of all the Tims. That is, . = 
Hence — =2& 0 onſequently nh] —7R —— A — tu 
2 2 — 


Now from this Zgzatio! it will be eaſy to deduce the following 


| Theorems. 
| RN f Ri — 
Theorem wy = — 4 Ord - = R:+tuzl4 
A 24 tu 

7 5 0 ROS... i 2 — m. Yr = — — 

leerem 2. L NIN Ea Thedrem 3 — == Ri 
2 | Al xx 
Let - 1 =x. Thent = / Ru K 4 -& © Theorem 4. 


Dueſtion 1. F250. Yearly Rut 0 or Penſion, &c.) be forborn 
or unpaid Sever Years ; What will it amount to in that Time, at 
6 per Ceut. for each Payment as it becomes due ? 


Here is given 2 =250.t=7 . And R=0,06 To find A. Per. 
Th. 1. Firſt 250 x , 1750 = fu. 1750 x 7 —= 12250 == tir 
Again 12250 — 1750 =10500=ttz--tu, And 225£2,0,26-=315 
Laitly 31541750=2065=A.V7z. 2065]. is the Arſw. req ired, 


Bur if the Aunuity, Rent or Pen ſion, is to be paid by Quarterly 
or Half Yearly Payments, &c. 
Then . — 0,03 = R for Half Yearly Payments, 
And g — 0,015 = K for Quarterly; Or 0,045 = R for 
Three Quarterly Payments. Example of Half Yearly Payments. 

Suppoſe 25cl, per Annum, to be paid by Half Yearly Payments, 

were in Arreary cr unpaid for Seven Years; What would it A- 
mount to allowing 6 per Cent. per Annum for each Payment as 
it becaine Due. 


In this Example there is given 2 = 125 — +i* f — 14 the 
Number of Payments; And R==0,03 = . Lhence to find 4. 


Firſt 125 x 14 =1930 = tt. 1750 x 14 = 24590 — ttu. 


Again 24599 — 1759= 22750 it — Tu, Then 227592 — 11270 
K * An, 


— _ WY 
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And 11375 „, 03 2341,25 Laſtly 341,25-=1750=2091,2 
That is, De 1 ade 5 e 
NMB. Hence it may be Ohſerved, that Half Yearly Payments 
are more Advantageous than Yearly : 
For 2091. 5s. > 22651. by 261. 556. Conſequently, Quarter. 
ly Payments are more Advantageous than Half Yearly 
Payments. 


Nueſtion 2. / hat Yearly Rent, Pen ſion, 8c. being forbory 


or un paid Seven Years, will Raiſe a Stock of 2065 l. allowing 6 per 
Cent. per Annum for each Payment as it becomes due & 


Here is given A == 2065. ft =7 And K = 04,06. To find a, 
Per Theorem 2. U 
Firſt 7 * 0,06 = 0,42 = t K, and 0,42 x 7 = 2,94 = ith, 7 
Then ttR — HR = 2,52 


Laſtly i — R - 2t= 16,52) 4130 =2A (250 = u. y 
That is, 2501. per Aunum, &c. will Raiſe 20651. the Stock re- 6 
quired. 


Queſtion 3. In what Time will 250l. Yearly Rent, Raiſe 1 
Stock of 20651 Allowing 6 per Cent. Sc. For the Fortearance of 
the Payments as they become Due ? ty 


Here is given 2 — 259. A = 2965 And R = 0,96 To find t. 
Per Theorem 4. Firſt 


K 1 33,3333 And 33,3333 —=1=323333=x=3 — 1 * 
Then 16,16666 &c. = + x , 261,3605 &c. = I xx. 1 
Again - = 275,333 =2A — Ru And 275,3333 +261,365 1 
r= 536,6938 =3= + + xx. Then 4/ 536,6938 = 23,1666. l 
Laſtly 29,1666 — 16,1666 = 7 = t the Time required. x 

Queſtion 4. F 250. Yearly Rent, being forborn Seven Years, 


will Amonnt to 2068]. aliowing Simple [nereſt for every Payne". 
es it becomes due, what muſt the Rate of the Intereſt be per Cent 


Here is given 2 = 259+ A = 2065 . And t = 7. To find I. 4 
Per Theorem 3. : | 


Thus it! 12250 . 4130 = 2 A | 1 
— It — 1759 . 35090 = 274 


tu — tu = 10500) 630 = 2A — 2tu (0,06 = R 6 
Then x : 0,06 :: 100: 6 the Rate required. Sade 2 


- 
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Section 3. The Pꝛeſent Worth of Annuities or Pen- 
frons, &c. Computed at Simple Intereſt, 


The Buſineſs of Prrchaſing Annuities, or taking of Leaſes, &c- 
fr any aſſigned Time, depends upon the True Aquativg of the 
Principal or Money had out on the Purchaſe, with the Annuity 
or Yearly Rent, by allowing (or Diſcomptizg) the ſame Rate 
of Intereſt to both Parties. Which may be eaſily perform'd by 
duly applying the reſpective Theorems of the Iwo Laſt Sections 
together. As wall fully appear by the following Qzz/tion. 


Nueſtion 1. What is 751. Yearly Rent, to continue Nine Years, 
worth in ready Money, at 6 per Ceut. per Annun Simple Inte- 
reſt 2. 

1. Per Theorem 1. of the Leſt Section, find what the propoſed 
Yearly Rent would Amount to, if it were forborn 9 Years at 
6 per Cent. 


Thus 's= 76.1 5 And K = 0,06 Quere A- 
tt = 6075 Then 2) $5490 (2700 Jet 
te = 675 R = 0,06 \Multip ly 
tu — tu 5400 | 3 RI 
+m=65,5 = $7 =4 


2. Then by Theorem 2. Section 1. find what Principal, being | 


put to Intereſt for the ſame Time, and at the ſame Rate, wi 
er to 8371. = A. ; 58370 | p 

us TR —0,54 =9 x C00 .tR--1T1=1, 37 23,8004 = 
Thar 85 7 4 Fr 107. 120 Which S Wark " Eat a 
Year, as was required. 

From the Work of theſe Two Operations, (duly Conſider d) 
it muſt needs be Eaſy to Conceive, how the Two Theoreme by 
which they were pertorm'd, may be Combined into One. 


For RES — A. And 2. PtR + P = A. 


Conſoguently PtR + F 2 "I 32/% And from this 


AÆquation may be deduced the following T'h-orems 

| f tt R. N L 21 ti RR f x 
Theorem 1. 4 . <P. Or r 9 

By this Theorem all Que ſtions of the fame kind with the Laſt 


(viz, that above) may be eaſily and readily Arſwered at one 
Operation. 


K k 2 Th. 


' 
| 


—_—___— 
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c 2PtR E22 N 1 
eh 2... . Or — : X 2 Pu. 
Theorem 2 RN tR 2r fr R Tat 
a 27 2 R 
Y'Y Ht 1 288 


Le 2 1 = x. Then will 1 * = 


* 
Which gives this Theorem +4 2 + 3 : + —=f 


By the Second and Fourth Theorems, Two very Uſeful Queſtions 
may be eaſily Auſwer d. 


1. As for Inftance: If it be required to find whit Anmity, o 
Yearly Rent, &c. may be purchaſed, for any propoſed Sum, ts 
continue any ofigned Time, allowing any Rate of Intereſt. 

This Queſtion may be Anſwered by T heorem 2. 


2. Again: Fit be required to find how long any Yearly Rent, 
Fenſion, or Annuity, &c. may be purchaſed (or enjoy d) for aj 
propoſed Sum, at any given Rate of Intereſt. 


All Queſtions of this kindare eaſily Anſwered per Theorem 4. 


In theſe Queſtions it is ſuppoſed, that the Purchaſer or Yearly 
Rent, is to Commence or be immediately enter d upon. Br' 
if it be required to find the Value or Purchaſe of any Anouiry 0! 
Yearly Reut, Oc. in Reverſion; That is, when it is not to be 
Enter d upon until after ſome Time, or Number of Yeays are pal; 
Then you muſt firſt ud what the 8% propos d to be laid out 
in the Purchaſe, would Amount to, if it were put to Interef, 
during the Time the Annuity, (8c. is not to be in preſent Po. 
ſeſſion; and make that Amount the Sum for the Purchaſe pto- 
ceeding with it as in either of the two laſt Queſtions, Ec. 

Note, From the Firſt Queſtion of this Section it will be eaſy? 
Concerve how to perform the AÆquation of Payments, tete, 
Debtor and Creditor, at any Rate of Intereſt, without doing ©") 
Damage to either Party. 

ihat is, when ſeveral Sums of Money are to be paid, 1 
ſeveral different Times, to find the Time when all the Payment 
may be truly diſcharged at once: As if one Sum were to be pai! 
at the end of Two Months, another at Six Months, and perhs 
a Third Sum at Eight Months End, Sc. And it were requir'd t? 


find the Time when all thoſe Sums may be truly diſcharged u 
one Payment without Loſs, 5c, | 


CHAT 


That is 3 one Year's End 
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n. 
Of Compound Intereſt, and Annuities, &c. 


Compound Intereſt is that which ariſes from any Principal and 


its Intereſt put together, as the tereſt ſtill becomes Due; fo 


chat at every Payment, or at the Time when the Payments became 
Due, there is Created a New Principal ; And for that Reaſon it's 
Called Jztereſt upon Iutereſt, or Compound Intereſt. 


As for Inſtance; Suppoſe 1001. were Lent out for Two 
Years, at 6 per Cent, per Annum, Compound Intereſt : Then, 
at the End of the Firſt Year, it will only Amount to 186 T. As 
in Simple Interet, But for the Second Year this 1061. becomes 
Principal, which will Amount to 1127. 73. 22d. at the Se- 
cond Year's End, whereas by Simple Intereſt it would have 
Amounted to but 1121. 

And altho' it be not lawful to Le: out Money at Compound 
Intereſt ; yet in Purchaſing of Annuities or Penſions, Sc. And 
taking Leaſes in Reverſion, it is very uſual to allow Compound 
tereſt ro the Purchaſer for his ready Money; and therefore 
It is very requiſite to underſtand it. 


Scctian 1. Of Compound Intereſt, 
P = the Principal put to Intereſt. 


- 

t — the Time of its Continuance. As before. 
Let A= the Amount of the Principal aud Intereſt. 

R — Cf the Amount of 11. and its Intereſt for 1 Tear, ar 


Tany given Rate, which may be thus found. 


ix. 100: 106 :: 1: 1,96 = the Amount of 11. at 6 per Cent. 
Or 100: 10 


5 :: 1: 1,05 — the Amonnt of il. at 5 per Cert. 
and fo on for any other aſſigned Rate of Intereſt. 


Then if & = the Amount of 17. for One Var, at any Rate, 
AR — the Amount of 1 J. for Two Years, 
RRR = the Amount of 11. for Three? Years. 
A the Amount of x J. for Four Ve ors. 


RS = the Amount of 11, for Five Years. Heret:=5 


F For 1: R :: R: RR:: RR; RRR :: RRR: RA: R.: N: Kc. in E. 


As one Pound: Is to the Amount of one Pound at 


:: So is that Amount: To the 
(Amount of one Pound at Two Year's End, Oe. 


Whence 


m 2 —  .. 


1 
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on a Series of Terms, Increaſing, in Geometrical Proporticy 
Continued ; wherein t (viz. the Number of Years) does al. 
ways aſſign the Index of the laſt and higheſt Term. 

Vix. the Power of R, which is Kt. 


Again, As 1: Rt :: P: PRt = A the Amount of P for 
the Time, that R —= the Amount of 1/7. 


As one Pound: Is to the Amount of one Pound for ary 
That is given Time:: So is any propoſed Principal (or Sun,: 
To its Amowt for the ſame Time. 
From the Premiſes, (7 preſume) the Reaſon of the folloy. 
ing Theorems, may be very eaſily underſtood. 


Theorem 1. PNA As above. 


From hence the Two following Theorems are eaſily deduced. 
4 3 
Theorem 2.0 Rt = F. Theorem 3-4 Þ = R. 


By theſe Three Th-orems, all Queſtions about Compound 
Intereſt, may be truly Reſolved by the Pen only, viz. without 
Tables; Tho' not fo readily as by the Help of Tables, Calcu- 
lated on Purpoſe, As will appear farther on. 


Queſtion 1. Nhat will 2561. 10s. Amount 0 in Sever 
Years, at 6 per Cent. per Annum. Compound Intereſt ? 


Here is given P = 256,5. t =7 . and R= 1,06 which 
being Ta until its 5156 — 1 ( VIZ» 7. ) will become 

„= 1,50363 

hen I,50363 7 256,5 — 385,6811 — 42 3851. I 25. 7:4. 
which is the Anſwer required- 


Queſtiou 2. What Principal or Sum of Money muſt be put 


(or Lei) out 10 Raiſe a Stock of 3851. 13 5. 74d. in Seven Years, 


at 6 per Cent. per Annum Compound Intereſt - 


Here is given A = 285,6811 R = 1,96 and ? =7 To find P. 
by Theorem 2. | 


Thus R = 1, 50363) 385,6811 = A (256,5 =P. 
Thar is, 72 280% 1 55 which is the Principal or Sum 3 
was requreg, 


Q eltlon 


Whence it is plain, that Compound Intereſt is grounded uf: 


1288 


f; 


m' by the following Table, 


one Pound for Thirty Nine Years. 
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Queltion 3. In what Time will 2561. 10s. Raiſe a Stock 


of (or Amount to) 3871. 13s. 71d. allowing 6 per Cent. per 
Annum Compound [ntereſt * 


Here is given P = 256,5 A= 385,6811 R= 1,06 To find t? 
by the Third Theorems R Z ee 1, 50363, 


— FP 25 65,5 
which be ing continually Divided by R = 1,06 until nothing 
remain, the Number of thoſe Diviſions will be = t. 


Thus 1,06) 1,50363 (1,41852 And 1,06) 1,041852 (1,33822 
Again 1,06) 1,338225 (1,262477. And fo an. until” & 2 
come 1,06) 1,06 (1. which will be at the Seventh Diviſion. 
Therefore it will be r = 7 the Number of Years required by 
the Queſtion. _ 

Queſtion 4. 7f 2557 . 10s . will Amount to (or Raiſe 4 
Stock of ) 3851. 13s. 73d. in Seven Years Time; What uſt 
the Rate of Intereſt be, per Cent. per Annum. 


Here is given P = 256,5, A = 385,6811 and 2 = 7 Quere R. 
By Theorem 3.4 5 = Rf = 1, 50363. As before in the Laſt 
Queſtion. And if N —= R? 1, 50363 Then R = 74/ 1, 5036 
which may be thus Extratted,” wy N ee 
„ Irren R Then 


187 2 177 ＋ 7r% + 2171. 21, 50363 2 U 
2 ——7l 3 e org poder, 79s | 


— ä—ũ— ——— — — —ñ—ͤ———5s, 


6 ö 

3- 7 8 * $ 

; D. | 
147 | 5 ne Let r = 1 Then D o, 071g 


Operation 1 I, 00) 0,9719 (0,96=e 
+ 3e = „518 70g 


Diviſor 1,18 775 to be rejected. 


Then 1: 0,96 :: 100: 6 The Rate per Cent. required. 


The Firſt Three Queſtions may be much more eaſily per- 
which is only the Amounts of 


That 


ke 


256 


1 Part ll 
Thar is, of R RR RAR R RR and fo on to by, 


Put 


* 


=> | The Amounts The Amounts | The Amount 
S | of 14. at 6per | > of 1. at 6perj I [of 1l.at6py 
11 | Cent.&c Com- Cent. &. Com- || | Cort &c. Com- 
» | poundlntereſt. | + | poundIntereſt. | » | powndInteres, 
111,06 R 1422609039357 27 | 4,82234 
21.1236 p RR 15 | 2.3965581931 * 5,11 1986691 
311191016 Ri | — | 9 | 5,4183878 
5 | 1,3382255776 | 17 | 216927727857 | == | ———_ 
_ — | 18 | 2,5543391529g | 3T | 6,08g 1006432 
| 6| 14185191122 | 19 | 3.025599502r | 32 | 6,4532866313 
7 | $5020 008909 20 | 3,2071354722 = 6,5405 89852) 
8 | 145935450745 | —< | —— gn 7,2510252 
g | 1,6394789590 | 213 43995636005 | 35 77686088 74 
10 79547656; | 22 | 3 88577246 | nt | en 
ia - | 23 | 3-8197496616 | 36 | 8,1472519gg! 
| T1 | 1,8982985583 | 24 | 4,0439346413| 37 | $,63608711;) 
12 | 2.0121964715 | 25 | 4 2918707197 | 38 | 9,1542523470 
13 | 2.1329:32601 | 26 4. 5493829629 39 | 9.7035074%7z 


r 


The Title of this Table ſhews its Conſtruction, and its Uk 
will eafily appear by an Example or Two. 


Exainple 1. What will 375l. 10s. Amount to in Nine Year, 
at 6 per Cent. per Annum, Oc. 


The Tabular Number againſt 9 Years is 1,689479 which 
being Multiplied wich the Principal 375, 5 will produce 
634,3993 Sc. viz. 6341. 8s, fere, being the Amount or 
Anfiver required. 


Example 2. What Principal (or Sum) muſt be put to Inter 
to Raiſe a Stock of 6341. 85s. in Nine Years Time, at 6 | 
Cent. per Annum, Oc. 


If the propoſed Stock, (vi. 634,4) be Divided by the Ti 
bular Number that is againſt the given Number of Year, 
vi. 9.) the Quotient will be the Principal (or Sum) requir d. 
Vix. againſt 9 is 1, 689479) 

Then 1,6689479) 634,4) 375,5 = 2757. 105. the Prin- 
cipal (or Sum) as was required. 


Example 3. In what Tims will 3751. 106. Raiſe 4 Stock of 
( or Amout to) 6341 . 0s « at 6 Per Cen, Ec. 


Divi 


— n 1 
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Divide the propoſed Stock (viz. 634,4) by the given Princi- 
al (viz. 375,5) and the Quotient will ſhew the Tabular Num- 
bon that ſtands Over-aganſt the Time 1 a 5 
Thus 375,5) 634,4 (1,689479 &. this Number bein 
ſouglit in 1 ab wil be fond to ſtand againſt 9 Your 
which is the Time required, 
But if the Quotient cannot be truly found in the Table of 
* Amounts for Years, as above; Then take out of that Table 
the neareſt Number that is Teſs, and make it a Diviſor, by 
which you muſt Divide the firit Quotient ; Aud then ſeek the 
| ſecond Quotient in the Table of Amounts for Days, (which is 
| anſerted a little further on) and it will aſſign the Number of 
Days. As in this Example, 


In what Time will $631. Amount to 8601. at 6 per Cent. 
per Amum, Compound Itereſt £ 


Anſwer. In 7 Years and 99 Days. 
Thus 563) 860 (1, 52753 which thews the Time to be more 
(or above) Seven Years ; For over-againſt 7 Years is 1, 50363 
which being made the New Diviſor : 
| biz. 1,59363) 1452753 (1,01589, Sc. this Number is the 
neareſt Amount to 99 Days. ; 


Note, If th? Stock, Principal, and Time be given; the Rate 


of Intereſt will be beſt found by Extractimg tor Root, &c. Az 
before iu the Fourth Quzſtton. 


The next Thing that I ſhall here propoſe, is to make this 
Table (which is 0 Calculated for the Rate of 6 per Cent.) 
| ; Univerſally Uſeful for all Rates of Compound Intereſt, which 
BF 4 my 1 to ſay, is a Mu Improvement of ny own, be- 
ing well ſatisfied it never was Publithed before; and not only 
, but J have heard ſeveral very good Artiſts affun it was im- 
poſſible to be done. | 
The Method of performing it is briefly thus, Let x = the 
Difference between 1,06 = & the Amount of 17. for one 
Lear (in the Table) and any other propoſed Amout of 14. for 
one Year ; which admits of Two Caſes, 


5 Coſe 1. If the propoſed Rate be Greater than 1,06 =- K, 
then will K FE = the true Amount of 14, for one Year at 
* that Rate. | 


1 L | Ee 


| 
| 
| 
| 


- wa. fi. £22 v IC £2 


| 
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Ciſe 2. But it the propoſed Rate be leſs than 1,06 = K, 

then it will be X-- x = the Amount of 17. &c. 

. 1. t 22. t — 32 d. t — 4 &. 
Make 177 . i we 

Then will R. + tRbx + gRexx + mRixxx 8c. = the 
Amount of 1 J. at the given Rate, for any Tine denoted by x, 
In Caſe 1. | 
And At — tRl& ＋ gRax — mRdxxx 8c. = the Amount 
of 1/7. in Caſe 2. 

Which is no more but this, Let R + x Or R — & (which 
ſoever it is) be Involved (as directed in Seb. 5. C. * 2.) 05 
the ſame Power or Height as the Index f the given Time it 
the Queſtion denotes : Rejecting all the Powers of x above xxx 
Or xxxx at moſt, as uſeleſs. | 

Then Multiply that Power of R + x Or R — x into the 
8 Principal, and their Product will be the Amount ws 
quired. 


An Example or Two in each Caſe will render all Eafy. 


Example 1. Suppoſe it weve Required to find what 2561, 
world amount to in Fifteen Years, at 81. per Cent. per Annu 
Compound Intereſt 2 Here t = 15. 


Firſt 100 : 108 :: 1: 1,8 the Amount of 17. at 8 per Cl 
Next 1,08 — 1,0 =0,92 = x. And R + x = 1,08 As inCafe 1. 


Then R's + 15 RU -+ 105 RB xx + 455 RW xxx &. = tit 
Amouut of 1 /. for 15 Years, at 8 per Cert. 


Here x —= 0,02 . xx = 0,0004. . and xxx = 0008 
By the Table R's — 2439654 


15 R'%s = 2,260904 x 15 * ,02 = 0,678 
And 5655 R'3xx —= 2,1 32928 x IO5 x 004 — O, 89555 HB 
(455 K'*xxx = 2,012196 x 455 x 900008 = 0,9073% 


© 
—— „ 


Sum = 3,17% f 


Then 3, 171736 x 256 81 7,9644162 


'T hat is, 811“. 95. 34d. fere Which is the Anſwer as was . 
quired. 


Example 2. hat vill 3651. Amount to in Seven Leo | 
at Four and a half per Cent, &c. 


7 ICO : 1,045 :: 1: 104,5 the Amount of 11. 21) + 
per ent. . 


d 


1 A 6. Ml 


x — — — 


Therefore 


259 
Next 1,96 — 1,045 = 0,015 x. Conſequently AK x — 1,945 
as in Caſe 2. 

Then R — 7R%x ＋ 21 Rixx = 35 Rixxx &. = the 
Amount of 17. for 7 Years, at 43 Per Cert. | 


E © Cw a 
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Here x =,015 . xx = ,000225 . and xxx = „000903375 


By the Table K — -+ 1, 503630 

— TK*x = — 0,148944 

And J IR XX =- -+ 0,000323 

— 35A*xxx = — 0, 00141 

R — 7R%z + 21Rixx — 35K*xxx = 1,360868 


Then 1, 360868 x 365 = 496,71682 = A. 
That is 4967. 14s. 3d. is the Anſwer required. 


If the Reaſor of theſe two Operatious be but well underſtood, 
it will be very eaſy to Conceive how to find P, the Principal, 
by having A, 1, and x given (becauſe & and its Powers are 
always given by the Table.) 

For K. f A + g&cxx + mRdxxx x Þ = A (as above.) 
—_— 2 — 85 

AR | NTX mRixxx my 

Or if A, P, and t, be given, x may be found. 


For K. tRbx+ gRexx+ mRdxxx = This Aequation 


being Solved, (as in Chap. 10.) the Value of x will be found; 


and then either K+ x, Or & — x will ſhew the Kate of Ju- 


fcreſt, &c. 


ut I ſhall leave the Armerical Operations to the Learner's 
Practice, ſuppoſing enough done to ſhew how all Queſtions of 


this kind that are limited by whole Years, may be Computed. 


And if the Time given or ſought be not Terminated by whole 


Years, but by Weeks, Movihs, Quarters or Half-Years, &c. for 

Reſolving ſuch Queſtions, the beſt Way will be to Reduce thoſe 

: Parts of a Year into Days; that done, find and Auſwer accord- 

ing to the Demand of the Queſtio7 2 agreeing to 1 J. as be- 
fore) for thoſe Number of Days; an 


in order to that, it will 
be requiſite to find the Amount of 11. for one Day, (as in my 


Compendium of Algebra, Page 110) which I ſhall here inſert, 


Put a = the Amount ſought, then it will be 


© 1; 4;4;44 :: 44404444; a444 = to a", 


I 2 That 


— 1 —— — 


| 
5 
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| As one Pound: Is to its Amown for one „Day. © 
That 5 


is that Amount : To the Amount of Two Days: : And 
ſo is that of Two Days : To that of Three Days. And 
ſo on in = to 365 Days. 


Then the Laſt of the Terms will be 4% = 1,06 


Put] 11> +e = a. And let 21 
- 1 & 365| 2588 ＋ 365 73% e + 66430 #35e8= #36 — 1.05 
2, in Nun 1 ＋ 365e -|-66430ee = 1,06 
- — 4 | 365e + 66439ee = 0,06 
4 — "_ 5 | ,00549e þ ee = 0,00c0009032 = D 
7 "I SSD + 2, 
3 ©2549) eee (,00016 = 
—+ 3 5,0001 6) 5 

1. Diviſor ,0255 2532 Fuſtr= 1 
2. Diviſor ,00565 3399 Fe = 0,00016 


y + & = 1,00016 
New » + 2,00016 for a Second Operation. Then 


2, in Numb. . 8K -> 386,887e + 70402, 172! 
„6 Hence it appears that -— e =» 
T herefore| 8 1,96913401407- — 386,887 e + 70402, 724 
= 1,06 
8 + 0 38 386,887 e — 70402, 172 fe = 90,900134014%7 
— 1 ah — ee = ,0000000019035503 
SYN 17 | £— 22200999019935503 
ntl 99954993 — . 
Operation 50054953) + 0000000019035303 (0090003 = * 
— 5 I 164580 
Diviſor ,0054950 . ' 255050 (,000000046g 
219800 
Laſt » == 1,00016 352503 
— & — 0,0000003464 329700 
7 — e a =1,0001596530 228030 
219800 


Which being farther purſued to a Third Operation, it vi 5 
Ti 


be @ = 1,000159653587453 Ce. 
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This Value of 4 is the Amount of 17. for one Day from 


which, if 1 J. be Sl ſtracted, the Remainder =,000159653587 &c. 
will be the tereſt of 1 J. for one Day. Conſequently, if any 
propoſed Principal be Multipli:d into either of theſe, the re- 
ſpective Product will be the Amount or Intereſt of that Principal 
or one Day, at 6 per Cent, &c. 

And that the Amount (or Intereſt) of = 
may be eaſily computed for any Number Days Leſs than a 
Year ; I have here inſerted the following Table, which with 2 
great deal of Care (and I believe Exactnaſs) is Calculated from 
the Laſt found (1, o 159653587453) Amount of 11. for one 
Day. To which alſo is 3 a Tible of the Amounts of 
11. for Afonths, 


Principal or Sum 


«dF. « 


& | Amounts of 17. © | Amounts of 1/.] & [| Amountsof 17, | 
4 &c. * &C. A &c. | 
1 1,001 596536 26 | 10041592879] 51,0081 749166 
2 | 1,0003193326 | 27 | 1,0043196055 | 52| 1,0083358753 | 
3 | 1,0004790372 | 28 | 10044799487 | 531, 084968597 
4 | 1,0006387673 | 29 | 1,0046403175 | 54] 10086578699 
5 | 1,0007985229 | 30 | 1,0043007120 | 55 | 1,0988189057 | 
6 tooogs$3039 | 31 | 1 0049611320 | 56] 1,0089799672 | 
7 | 1,COIL181105 | 32 1 0051215776 | 57 I,0091410545 
g | 1,0012779426 | 3310052820488 58| 1 0093021675 
g | 1,0014378002 | 34 | 1,054425457 | 59 | 1 0094633062 
10 | 1,0015976834 | 35 | 1,0056030682 | 69 | 1,C096244707] 
11 | 1,0017575920 | 36 | 1,0057635164 | 61 | I 0097856608| 
12 | 1,0019175262| 37 10059241901 62 | 1,0099468767 
13 | 1,0020774859 | 38 | 1,0060847895 | 63 | 1,0101081184þ 
14 | 1,0022374712 | 39| 10c62454146 | 64 2 
15 1, 0023974820 40 1,0. 64060653] 6510104306789 
i6 | 1 0025575184 | 411,0 65667416 6610105919978 
17 | 1,0027175803 | 421 1,0067274436 | 67 | 101075 33424] 
18 | 1,0028776677 | 43 | 10078881712 68 | 10109147128 
I9 | 10030377808 | 44 | 1,0070489245 | 69 101107610 
_20 | 1,0031979193 | 45 | 19972097035 | 70 | LON2375309 } 
21 | 1,0033580$50 | 46 | 1,0073705082 | 71 | 1,0113989786 
22 | 1,0035132732 | 47 | 10275313385 | 72] 10115604521 
23 | 1,00367$4885 | 48 | 1,0576921945 | 73 | 1,0117219513 | 
24 | 1,0038387294 | 49 | 1,0078530762 | 74 | 1,0118834764 
| 25 | 1,0039989948 | 30 1,0080139835 | 75 | 1,0120450272 | 


Days 


| 
| 
| 
i 


262 Algeb2a. Part Il. I 
— 3 & Amountsof il. | Y] Amountsof 1],] | 
| 76 | 1,0122066038 | 116 | 1,0186908655 | 156 | 1,02521666;z 
| 77 | 1,01236$2062 | 117 | 10188535031 | 157 | 10253503453 
78 | 10125293344 | 1183 | 1,0190161667 | 155 | 110255 4405cg 
| 79 | 1,0126914885 | 119 | 1,0191788563 | 159 | 1,02570778!7 
| $0 | 1,0128531683 | 129 | 1,0193415719 | 160 | 1,0258715406 
— — — — — 6 
81 | 150130148739 1211 0195043134 | 161 | 1, 026035324) 
| $2 | 1,0131766054 | 122 | 1,0196570809 162 | 1,0261991349 
83 | 10133383627 | 123 | 1,019829$745 | 163 | 10253629713 
84 | 1,0135001458 | 124 | 1,0199926934 | 164 | 10265 265335 
85 10136619547 125 1,0201555389 155 1,026690 7223 
$6 | 1,01389278g5 | 126 | 1,02031$4110 | 166 | 1,02685g537; 
$7 |1,0139856501 | 127 | 1,0204813084 | 167 | 1,0270185784 
88 | 1,0141475365 | 128 | 1 0206442319 | 168 | 1,0271325 456 
| 85 10143094488 129 | 1 0208071814 | 169 | 0273465309 
| 9 1 0144713869 330 1 020970156g | 170 | 10275105555 
91 | 10146333511 | 131 | 1,0211331585 | 471 | 10276746046 
92 | 1,0147953408 | 132 | 1,0212961861 | 172 | 10275386764 
| 93 | 1,0149573565 | 133 | 1,0214592397 | 173 | 1 0250027746 | 
. 94 1,0151193931 | 134 | 10216223193 174 | 0287669939 
. | _95 1,0152814555 | 135 | 1,0217854250 | 175 | 1928331044 
| | 96 | 1,0154435589 | 136 | 1,0219435567 | 176 150284952262 | 
ö 97 1. 0156056781 137 | 1,0221117144 | 177 10286594291 
f 98 | 1,0157678232 | 1381, 222748982 178 1,028523655; 
. 99 | 1,0i59299941 | 139 | 10224381081 179 | 1028987913) 
0 100 | 1, 0160921910 140 1,0226013440 | 150 | 1,9291521953 
i 101 | 1,0162544132 | 141 | 1,0227646060 | 181 e 
ö | 102 | 1,0164166524 | 142 | 1,0229278940 182 | 1,0294909375 
ö | 103 10165789370 | 143 | 10230912081 | 193 1,0296451975 | 
1 1104 0167412375144 10232545483 | 184 1.029809 5841 | 
1 | 295, 1,0159035638 | 145 | 10234179146 155 1.0299 739% WF _ 
f ; 106 | 1 0170659161 | 146 | 1,023581306g9 | 186 1 0301334359 
j  þ 107 | 10172232944 | 147 | 1,0237447253 187 | 1,0303029 | 
f | | 108 1017906985148 | 1,023908169g | 158 10 04673920 ; 
| 109 | 1,0175513286 | 145 | 1,0240716405 | 18g | 10306319206 f 
0 1110 1017715586150 —. 25 190 dhe as wed | 
1 | | 11x | 1,0178780665 | 151 | 1,0243986600 | 191 1503096 10251 : 
11121 10180405744 | 152 | 1,0245622089 | 192 | 1,0311256215| Þ | 
{ 112 | 1.0182031083 | 153 | 1.0247257830 | 193 1,0 31290244) : 
f 114 | 1,0183556580 | 154 | 1,024389385 1 | 194 | 1,03 14548937 
1115 1 0185282578 | 155 [10250530124 195 1,03 16193655 I 
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& 

E 

196 
197 
198 
199 
200 
201 
202 
203 


Amounts of 14. 
&c. 


10317842709 
1,03 19489990 
10321137534 
1 0322785341 
10324433410 


1.032608 1742 
10327730339 
10329379195 
10331028321 
10332677 70 


10334327355 
10335977268 
1,03 37627444 
1,0339277883 


10342579552 
10344230782 
10345882275 
10347534033 
10349186054 


1,03 50838338 
10352490887 


10355796775 
1,0357450115 


10359103719 
10360757587 
10362411719 
1,0364066 116 
1,0355720776 


110367375701 
1,03690303Sg 
1 037c686342 
1,0372342059 
1,037399504 1 


10375654287 
1,0377310798 
1,0378967573 
I 0380624612 


1,0382241916 


110354143599 


1,0340928586 | 


| 


&C, 


1,03839394834 
1,0385597318 
1,0337255415 
1,0338913778 
1,0399572405 


1.039223 1298 
1, 0393890454 
1.0355 549876 
1, 0397209563 
1,0398 869513 


10400529732 
10402190214 
1, 0403850961 
10405511973 
1,0407173250 


1,4088 34793 
10410496601 
10412158674 
10413821012 
1, 0415483616 


704.7136485 
1. 0418809620 
150420473021 


1, 4 238006 18 


10425464815 
0427129278 
10428794007 


10432124261 
10433789787 
150435455579 
150437121637 
10438787961 
1, 0440454551 


— — — 


150442121407 
10443788529 
10445455918 
1.0447 123572 
1 0445791493 


Amounts of 11. 


10422136687 


1. 0430459001 


1, 0507336788 


Amountsof 17. 
&c. 


1,04 50459680 


150452128 133 
1, 0453796853 
1,0455446584 
I 0457135092 


1,0458504611 
1,946047 4397 
1,0462144449 
1,0463814768 
1,0465484353 


I 0467156206 
150468827325 
1, 0470498711 
10472170363 
1. 0473842283 


1,047 5514469 


| 10477 180923 


1. 0478859643 
10480532631 
I 0482205885 


1,0483 879407 
150485553196 
1,04 87227252 
150488901576 
1,0490576 166 


156492251025 
10493926150 
10495601543 
10497277204 
10498953132 | 


1,05005253 27 
10502305790 
10503952521 
150505659519 


10509014320 
1505 10692121 
10512370191 
1.05 4048529 


- — 


— 


— 


* 


1 0515 727134 


—— 
— — 
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2 = = * 
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264. Algebꝛa. Part ll. 
Y Amountsot 11. | Y | Amounts cf1l4 © Amounts of 11, 
* &c. 4 &c. 'S &c, 
316 | 1,0517406c0o8 | 339 1.05 56094165 362 | 1,9594924636 
317 1 0519085150 | 340 | 110557779484 363 1 kgs 
Is j 1,0520764559g | — 304 942 
319 052244423) | 343 134507, 265 | 1,06 
320 | 10524124183 | 342] 19521150977 

| —|— 343 | 1.036283 70531 — — 

| 321 |1,0525804397 | 344 | 10564523446 — —— 
3221,05 27484880 345 | 1, 0566210112 * 

323 10529165631 2 he Amount; 

| 324 | 0530846650 346 eee = | of 11. at 6 u 
325 | 10332527937 | 3431578] = | Cenr. 

E= 24657477 E. For Months 
326 | 1,0534209493 | 349 | 110572959594 | — — 
327 1,0535891317 | 350 | 110574647472 - 1,004867 550; 
325 1,0137573410 — 150097587942 
329 | 1,0539255771 | 351 | 12579335753] 3| 10146735462 
330 | 1,054c535401 | 352 | 10578024303] 4 | 1 0196125224 

| — | — 353 | 1-2579713122] 510245758394 
331 | 1,05426213CO | 354 | 1.0$81402211 | — a4 

| 322 110344304407 255 | 1,0583091570 : 150295630141 
333 | 1, 0545987903 ( 1,0345744%41 | 

1334 0249071008 356 052471199 > | 1,0356103076 
335 | 1 0549355582 | 3571588487  g | 1,0446706634 
— — — 358 1,0588161265 10 104976563607 
336 1.055 1039824 359 1.058 98517003 —4Ulͤ 

1337 1. 0552724336 360 [1,0591542411 | 11 1,05 4865 38394 
238 | 05 54409116 361 [1,059323338g | 12 | 1,05 


| 


| 


MS 


The uſe of this Table is in all reſpects like 


that of whole 


Years, in finding the Amount of any given Sum for any pre- 


poſed Number of Days Leſs than a Year. 


Fxample 1. Swppoſe it were required to find the Amo 
of 3751. for 210 Days at 6 per Cent, 


The Amount of 17. for 210 Days is 1,9340928 Cc. per Table 


Then 1,0340928 x 3 


which is the Amount required, 


tound at Two Operations; As in the following Example. | 


75 = 387,7848 Sc. = 3871. 15. 840 


And the reſt of the Variations may be perform d juſt as it 
the Examples of whole Years. 
Bur if the Time given conſiſts of ars, and parts of a Lc, 
As Quarters, Months, &c. Then Reduce the Odd Time d. 
parts of the Year into Days; and the Anſwer may chen 


Fran 
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Example 2. Suppoſe it were required to find what 265 J. would 
Amon to in five Years and 135 Days, at 6 per Cent, Oc. 


Firſt the Amount of x J. for 4 , * e ' 15477585 . 
7 5 * . 


Then 1,338225 x 1,021785 „ 2651. = 362,355232 Ce 


being the Amount or Anſwer required. 


Or, if the Amount and Time are given, To find the Princ- 
| po]; Then Multiply the Amount of 17. for the Years, a d the 
Amount of 1 1. for the odd Days together; And by their Frodict 
Divide the given Amount, the Quotient will be the Frtłucipal re- 


quired, 


Example 3. I//hat Principal will raiſe a Stock of 3621. 7 5. Iad. 
| Or 362,3552321. in 5 Years and 135 Days, at 6 per Cent, &c. 


| 5 Yearsis 1,338225 Ec. 
The Amount of 1 for Coun Days is 1,021785 Sc. 


Then 1,338225 „ 1,021785 = 1,367378 Kc. the D7viſor. 

Next By «1.5 362,355232 = 1 4265 J. the Principal 

required. 
Again, it the Principal and its Amount are given, To find the 
Time, at 6 per Cent, &c. you muſt Divide the Amount by its 
Principal, and then proceed as in the Third Example Page 256 
for the Auſwer required. 

But if the Amount and its Principal, with the Time of its 
being at Intereſt are given, To find the Rate of Intereſt ; Then 
Proceed as in the Fourth Que ſtion Page 255 &c. | 

Now it order to make this Table of Amoxnts for Days, uſeful 
for all Rates of Intereſt (as before in that for Years) you mult firſt 
find the Simple Iatereſt of 1 J. for one Day, both at the given 
Rate, and alſo at 6 per Cent, And call their Difference x. 

Thus, Suppoſe the given Ratio were 8 per Cert. per Aunum. 
Firſt 100 :8 :: 1: 0,08 And 100 :6 :: 1: 0,06 the Iwo 
Simple [utereſts for one Year. | | 

Then 305) 0,08 (,0C021917 Sc. the Simple Iutere ſt of 1. 
Hor one Day at 8 per Cent. | 

= 365) 0,06 (0,90016438 Oc. the Sinple Iereft of 11. 
tor one Day at 6 per Cert. | ESD 

Their Lifferexce 0,00005479 — x» which may do indiffe- 
ently well for ordinary ſmall Q ſtions; But where F.xa-iticls 
required, it will be convenient to make Uſe of this Propori wh 
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266 * Algebra. Part II. 


As the Simple Intereſt of 17. for one Day at 6 per (ent. 

Is to the "Tabular Intereſt of 11. for one Day:: $ i; 

Viz. the Simple Intereſt of 1/7. for one Day, at any viven 
Rate: To a Fourth Number. 


That is, o, 0016438 0,0015965: : 0, 00021917: 0,02021205 
Then c, oo21 286 — 0,00015965 = , 0005321 = x. 


This x being Involved with the reſpective Amounts for Days, in 
the ſame Manner as was done with thoſe for Years (vide Pay 


258) the Reſult will be the Anſwer to the Queſtion. 


— 


11 


Sect. 2. Annuities or Penſions in Arrear; Compute! 
at Compound Intereſt. 


When Az»1ities, &c. arc ſaid to be in Arrear, ſee Page 2.8, 
And 1 ſhall here make uſe of the fame Letters to repreſent tle 


ſame thing as before in that Page, fave only that K is her 


equal the Amount of 11. as in Section 1. of this Chap. 


Suppoſe z = the Firſt Years Rent of any Annuity withou 
Intereſt. . 
the Amount of the Firſt Years Rent, d 
Ihen win K Ain [utereſt; More the 2d Years Rent. 


the Amount of the 1ſt and 2d Ye; 


And KR T＋ Ru + u —& Rents, with their Intereſt; Mor 
the 2d Years Rent, &c 


Here RR L Ru + = A the Amount of any Yearly Ren 
or Annuity, being forborn Three Years. And from hence mi 
be deduced theſe Proportions. 


Viz. : Ru : : Ru: RRu :: RR: RRR and ſo on in 2 fu 
any Number of Terms or Years Denoted by t wherein the Lu 
Term will always be „K- 

Conſequently 4 — R- — the Sum of all the Antecedent: 
And A — 2 = the Sum of all the Conſequents in the Series. 
And thecefore it would be 2: R:: A—uR—! ; 4 
Vide Page 188. 


Ego Au — uu RA — unRt which being Divided al 


by u, will become 4—# RA Rt. 


From this Laſt @gqratzoz it will be eaſy to Raiſe the follo 
ing Theorems + 


Theorem 1. 2 — = A. Theorem 2. Ong = 7. 


. * 
Pic 


Per Theorem 2. 
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1 * 
Theorem 3-4 a5 - : 2 Rt, If this Aquation be con- 


tinually Divided by K, until nothing remain, tlie Number of 
thoſe Diviſions will be t. See Page 255. 


#4 it 
7 


4. Agri . K aw. Kt = If this Æquation be Reſol- 
ved into Auwbers, according to the Method propoſed in Set. 3, 


Chap. 10. the Root will thew the Value of &. 


Queſtion 1. / 3ol. Yearly Rent, or Annuity, &c. be forborn 
(viz. remain unpaid) Nine Years ; what will it Amount to, at 6 
per Cent. per Anuum Compound [ere ft © 
Here is given 2 =30ot = 9 And K = 1,06 To find A. 
Per Theorem 1. | 

R* = 1,689.79 By the Table of Amounts for Years, 


30 = Ut 
Rs u = 50, 684370 


4 — 1 , 6) 20,68 370 (344,395 = 344!. 148. 91d. 4 
the Amount required. 


Nueſtion 2. / Hat Yearly Rent, or Annuity, &c. being For- 
orm or unpaid Nine Years, will raiſe a Stock of 344 1. 14 s. Hd. 
|= 344,7395 at 6 per Cent. &c. 

Here is given A = 344,7395t = 9. And K — 1,06 To find . 


AR = 3447395 * 1,96 = 365,42387 
— A = 3447395 


Loft —1=1,689479 — 1 — 0,689479) 20,08437 (39 = 1 


Queltion 3. In what Time will zo l. Yearly Rent, Raiſe a 
| Stock or Amount to 3441. 1.5. 94. allowing 6 per Cent. for the 
hr of Payments. | 


Here is given 2 = 30 A 24473905 And X = 1,05 


17 find 7. Per Theorem. 3 


Firſt AR A A365 42387 ＋ 30 — 344,395 250, 68437 
Ra = 30 ) 50,68437 (1 089479 = Ke, "Then 9 
A = 1,06) 1, 689479 (1, 593848 And 1,06) 1,5938438 (1, 5036 

1 and ſo on until it become 1,06) 1 00 (I. a will TI I 
the Ninth Diviſioz z therefore # = 9. 


M m 2 Or 


og. 
iz 
is, 
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Or R = 1, 689479 being ſought in the the Table of Amour 
for Years, will be found to ſtand Over-againſt 9 Years, which i; 
the Time required. 


Nveſtion 4. J 30 l. per Annum, Lein unpaid Nime Veer, 
will Amount to 34.4.1. 14 s. 9id. Allowing Compound Inter:j} 
for every Payment as it becomes Due, What muſt the Rate of 
Iutereſt be per Cent. Ge. 


Here is given # = 30 A == 3447395 And t =9 To find R 
by the Laſt of the Four Aquati ons, „JAN === 


Firſt 4 2 „11491317 And — 10, 49131 


Hence there is this Æquation 11, 491317 R R =10,491317 


Let | Il + e==R And ſuppoſe r= 1 
_ 169] 2] þ fe + 367 ee = R 
1, in Numb. | 3 | 11,491317 + 11,491317e == 11,491317R 
2,1n Numb. | 4 1,909090 -þ 9,000000e ＋ 36ee = R 
5 | 19491317 + 2,491317e — 36ee:=10,491317 
6 | 36ee= 2,491317e | 
6 ze | 7]e= 0,06 &c. 


— As may be eafily Try d, ij li. 
"x 7 = - 06 N = 1,06 = 3 volting it, and Ordering ; as 
N the Aquation above direcia. 


— 


Sect. 3. To find this vieſent duloꝛth of Annuities, Penſions, 0 


Leaſes, &c. at Compound Iereſt. 


Let P = the preſent Worth of any Annuity, or Leaſe, &. 
and the Reſt of £ 2 as before. F 4 Fo 


Then, from what has been ſaid in Scctios- 3. Chap. 11. about 
Furcha ſi g of Annuities, &c. at Simple Intereſt, it will be eaß 
to F orm tie like Theorems here at Compound Intereſt, vix. by 
Combining Theorem 1, Page 269. And Theorem 1. 11g? 254 
into one Theorem. U 

The Amount of any Yearly Rent being Ui. 
For 4- — } paid any AL 0 Fears SJ Theorem 
= Wh I. of the Laſt Settion. © 


| The Amount of any Principal or Sum being 
And FR m4) put to Intereſt, for the ſame Number of Years. 
| Cer Theorem 1. Page 254. 5 | 


Hence 
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—N—ñ—U—ẽ—]— — 2 


Hence it follows, That PR r 

Viz. PRt+1 PRS AN u being the very ſame MÆquation 
with that in my Comperd inm of Alg-lra Pog? 112. which is there 
Riiſed from the Conſideration of Furchafting Arznities, or Taking 


of Leaſes, 8c. to be grounded upon a R or Series of Gomo tri- 
i 46 c 
col Proportionals Continually Decreaſing, Thus > is the Fist 


and Greateſt Tem; R the Common Ratio of all the Terms ; 
And P is the Sum of all the Series 


That is, 2 F &c. in un- 
AMAR ARERR 

til the Laſt Term 1 Then will P be the Sm of all 
the Artecedents. And P— will be the Sum of all the Conſe 
quents, Therefore it will be | 


3 Or (in the fame Ratio) 2: 2272 — 3 


which produces PR π — R = PR — . As above. * 
From this Æguation may be Deduced theſe following Theorems. 


: 24 i 
72 — — — — 
Th-orem BY 5 =. Theorem, 79 


| 2 2 Which being Continually Di- 
Theorem 3 FIT” Ra, ded by R, will give 7 


Theorem +45 = R R- RT. The Reſolving of 
dus Æquatior, will diſcover the Value of R 


* Queſtion 1. What is 201. Vearly Rent, to Continue S ven 
«ar, worth in ready Money, allowing 6 per Cent. Compound 
Itereſt to the Purchaſer ? 


Here is given 2 =30.t=7. Aud R= 1,06 Ta find P. 
| Per Theorem 1. Vix. F= FFT = 19,9517. 
75 | : 2 
fd 30 — 19,9517 = 10,483 = —p,, 
| Then 


27 
7 


2; 70 Ageb aa. Part 1. 


Then R— 1 ==0,06) 10,0483 (167,4716a=P=1671. 96. 56 


being the Anſwer required. 


Queſtion 2. What Annuity or Yearly Rent, to Continue Sener 
Years, may be Purchaſed for 1671. 95. Sd. allowing 6 per Cen 
Compound Intereſt to the Purchaſer ? | 


In this Gueſtion there is given P = 167,4716. 71 = „ 
And R= 1,06 To find z. By the Second Theorem, 


Firſt PR! x R= 251,8153% 1,96 = 266,9242 
And — FR =167,4716 x 1,59353== 251,8153 

Then R — 1 2, 50363) 15 1089 (30 =; 
That is 1 = 30. the Auſwer "required, i f b 


Queſtion 3. How long may One have a Leaſe of zol. No 
Rent, fer 1671. 9 5. 5 d. allowing 6 per Cent. Compound It. 


veſt to the Purchaſer ? 


Here is given P = 167,4716 . 4 = 30. And R= 1,96 T: 
find t. By the Third Theorem et 


Firſt E -+- # = 167,4716 + 39 =197,4716 
And — FR =177,5199 


Then 19,9515)39=1(1,5036;= 


Ik this 1,59363 = &* be either Continually Divided ty 
1,06 = R until nothing Remain (As before in Page 255.) 0 
if it be ſought in the Table of Amounts for Years, &c. it vil 
diſcover 1 = 7 which is the true Auſwer required. 


Queſtion 4. Suppoſe One ſhould give 1670. 9s. 5d. fu 
he Purchaſ- of a Penſion, or Annuity of zol. per Annum, to (e. 
tinue Seven Years; At what Rate of Intereſt, per Cent. would ii 
Purchaſe be made, allowing ( ompound Intereſt to the Purchaſer * 


In this Hh tion there is given, P = 167,4716. 1 = 30 Andt =? 
To find R Per Theorem *y "el n 


The 4th Theorem in this Fquationd 2 = 7 R TR Rf 


Which being brought into Numbers, and its Root Extracted. u 
in the 4th @z2/tio of the Laſt Section; the Value of R will * 


ſound 1,06. viz. R = 1,06. 

And then ir will be, 1: 0,26 ;5; 100: 6 the Kate pet (eu. 

as Was required. | | GT | 
The: 


. 
[ 
1 
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> Theſe Four Que ſtions include all the arzeties that can be pro- 
poſed about Purchaſing Aunuitiæs or Leaſes, &c. which are to be 
either immediately Enter'd upon, or in Poſſeſſion at the Tine 
when the Purchaſe is made. | 

But ſuch Queſ/tiorrs as relate to Annuities, or a Taking of 
Leaſes, &c. in Reverſion, muſt be Farted or Divided into Tavo 
Liſtin&t Queſtions, each to be ſeparately Conſider d by it ſelf 

* (See Pag? 252.) As in the following Examples. 

Example 1. Suppoſe it were required to Compute the preſent 
Worth of 751. Yearly Rent, which is not to Commence or be Enter 4 
upon, until Ten Years hence; and then to continue Seven Years 
after that Time: at 6 per Cent. Sc. Compound Intereſt. 


The Firſt Work in this Oueſtiov, is to find what 75 1. per Ar- 
| uin, to continue Sever Years, is Worth in ready Money; as if 
i were to be immediately enter'd upon: And to perform that, 
* W there is given 2 =75R = 1,06 And? 2 7. To find P. As 

in the Firſt C tio of tlus Section. 


Thus, F = > = 49,8793 And 75 — 49,8793 = 25,1207 


7 


WW {bn R— 1 = 006) 25,1207 = 418,6783 = 4180. 145. Gd. 

WF wc Anſwer to the Firſt Part of the Queſtio”. 

by Ihen the next Work will be, to find what Principal or Sum 

\; being put out Ten Years, at 6 per Cent. &c. will Amount to 

ui 4197. 135. 624. Here is given 4 = 418, 6783 R = 1,06 
And 2 = 10. To find F. Per Theorem 2. Page 254. 


ThusRio = 1,790847)418,6783 = A(233,7884 — 2331. 158. 94d. 
the * Worth of 751. per Aunum in R ver fior, &c. As was 
3 required. | 


Example 2. hat Aunuity or Yearly Rent to le Entered 
"upon Tex Years hence, and then-to continue Seven Years, may 
te purchaſed for 2331. 15 s. 9d. Ready Money, at 6 per Cent. 
Ec. Compound bereft & 


In the iſt Work of this Queſtion there is given, P —233,7884. 
R= 1,26. And t — 10 (the Time which the Annuity is not to 
e Enter d upon) To find A. Per Theorem 1. Page 254. 


N. 
Thus, PR = 2329884 „ 1,79:847 = 418,6783 = A the 
| p Aimouns 


o 
* 
= 
3 E 


—_———. 


—_ 
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Amount of 2331. 15s. 9d. put to /rereſt Tex Years, at 
Fer Cent. &c. Then for the Second Work of the Queſtio: 
tice is given P = 418,6783 . R == 106. And 7 = 
( the Time that the Aunuity is to be Enjoyd) To find » 
Der. Theorem 2. of this S:6tzor. 1 


Thus PR x R 418, 6783 * 1, 50363 * 1,96 = 667, 3095 
— IR = 418,6783 * 150363 629,5372 


R! — 1 , 50363) 37723 (55 
That is, 2 = 75 l. the Yearly Rent required by the fie 


Theſe Two Examples of finding P and 1 do fully ſhew the 
Method that muſt be uſed in Rſolviyg the Two General, wy 
indeed, the moſt Uſeful Queſtz0975 about Annuities, or Lees 
in Rererſion: And if their be Occaſion, either the Rate, or the 
Time, viz. R or t, may be found by a due Application cf 


their reſpective Theorems. 


Note, That which hath been done in the To Laſt Seftin: 
about Aunuitie sor Yearly Rents, &c. at 6 per Cent. may alſo le 


done for any Rate of Iutereiſt, by applying the Difference of tle 
Rites (viz. x) As directed in the Firſt Scction of this Chapter. 


Now becauſe that Rents and Aunuities, &c. are uſually pail 
either by @zarterly, or by Half Yearly Payments, and the Methcl 
of Computing them by the Fen, may be thought a little Trouble- 
ſome ; 1 have inſerted the following Tables of the Amounts > 


» /. for Each, at 6 per Cent. 


& 7 | Annuiries of | =; Amountsof 1]. | Z j Amountsof ( 

ill at percent. at 6 per Cent. |,, [at 6 per Cort 
— < | 8. 12 

» x | &c.Compound | - 5 & Compound | + 5 &c. Compound 

5 | Intereſt. = | Intereſt. - Intereſt. _ 

1 | 102695630141 | 11| 1,3777875592 | 21 | 193437505523 

ies 12 | 14155191122 | 22 | 1,89829 853553 

| 2 {| 1,6133675949 | 131,46 4548127 23 | 1,954417955 

4 | 1,1236 14 | 1 550363e2590 | 24 | 2,0121964713 

1 1.156$17c026 | 15 | 1, 5480821017] 25 [20716830644 

6 | 1,191016 16 1, 9928480745 262, 1329282001 

7 1, 2262260228 17 | 1 6409670276 | 27 | 2, 195984043 

8 | 1 26247656 18 | 1 63947835%g | 28 | 2,260903955/ 

9 | 12997995342 | 1917394250493 292327743051“ 

10 1 3382255776 | 25 1,7508476565 | 30 | 2 3565581091 

Bots REC ant 2 Cuartess 


ö 


— 


Quarterly Amounts. 


-/& | Amountsof il. | L& Amountsof 1! E] Amoun. $01 ul. 
£5 | at 6 per Cent. $ 2 at 6 per Cent $5 | at 5 per Cents 
* &cCompound | ,, 5 dc Compound 5 | &:Compound 
- 2 | Intereſt. » © | Intereſt. 2e Interest. 
101467384611 21 13578024038 I-48 3-1 Co 1263193 
| 2] 1,0295630141 | 221377787559 428437905523 
3 | 1041446706634 | 231, 39809050019 | 43 „708460509 
4 | 1,05 2441851511220 44 | 1,8982985553 
5 | 19755542769 | 25 | 1:4393342435 | ( _45 | 19261538939 
6 | 1,0913367949 | 26 1,4604545127 | 4519544179853 
7 11073509032 2714818853020 47 | 199530968140 
8111236 28 | 1,5036 302550 48 2.0121964718 
91 11400375335 291, 5256942978, 49 2,9417231330 
1o| I 1 1565170026 30 | 1,54$0921017 | 50 2 0716530644 
It | 11737919574 31 1,570793420J | 511 2,1020826228 
12) I 191016 32 | 1,592 8450745 | 52| 2,1329282601 


| 

| 

| 12 | 1 2084927556 | 33 | 16172359557 | 53 2.1642265211 
| 14 | 1 2262260225 | 34 1,6409670276 ! 5421959840483 
| 15 | 1.2442194748 | 35 1,6650463253 , 55 2,2252075801 
eee I. 
| 


% > — 


— — — — —— — 


15 1, 26247696 351.5894789 89 56 2, 2609039357 
| 17 | 1 2810023527 37 | 1 7142701133 | 57 2, 2940801123 
| 13 | 1,2997995542 | 38 17394250453 | 58 | 2 3277430912 
| 19 1-3 L207 S038 | 39 | 1,7549491045 | 59 2, 36190 0349 
20 | 13352255776 I 40 1790847696 5 805 — 55581931 


Either of theſe Tables may alſo be made Uſeful for any pro- 
5 ſed Rate of Iutereſt; by making the ; or 4 of the Difference 
vi the Rate = x, &C. 

As for Inſtance, Suppoſe any of the aforcfuil Qreftions about 
e 'S Or Rents, &c, were to be computed at 8 per C21t. 
r Aunum. 
Then 1,98—1,96=0,02—x for Y-arly Payments; as before 
G[equerntly 2) , (0,01=x. for Half Years Payments. 

Or 4) 0,92 (, 5 & for Quarterly Payments.. 
| Now theſe Values of x, although they are not really true, 
Ft they may ſerve indifferently well "for final Rerts; as L have 
ealy (tid, Pog? 205. But if you would Work exactly. 
Then {/ 1821392304845 &c. 
3 = of 1,26 = 1,92950801,4 1 vide Table Page 272. 


; Difference = 0,0990674704 = x for! Year'y Payments. 
2 


* 

2 

5 
7 


Nn And 
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And Jy: 15,08 =1 219426 092 &c. 
— V 1,28 = l See the Laſt Table, 


Their Difference 0,0047524631 = x. for Quarterly Payment; 


Theſe are the true Values of x, which being Iuvolved uit 
their reſpective Amounts (as before for Years, &c.) according x 
the Queſtion requires, the Reſult will be the Anſwer at 8 per (on 
Kc. Ihe like may be done for any other Rate, either Gre 
er or Leſs than 6. 

Now, altho this Method (See Page 257, and 258, &c.) c 
making the Tebles that are only Calculated for the Rate 
6 per Cent. General and Uſeful for all Rates of Compont 
Intereſt, be really True; yet it was rather propos'd, to {hes 
what may poſſibly be perform'd by the Pen, without a gien 
many Tibles of ſeveral Rates, than intended for comm: 
Practice. 

For it muſt needs be confeſsd, that Tables Calculated «© 
Purpoſe for any deſigned Rate of Intereſt, are much m 
Ready and Uſeful in common Practice. And therefore finc 
the Legiſlative Power, have thought fir to reduce the Ac 
of Intereſt, and have ſettled it by an Act of Parliament, # 
5 Per cent: Ive therefore been at the Trouble (which vu 
nor a little) to Calculate the following Tables for that Act, 
but don't think it convenicnt to take the Tuhles at 6 per (er! 
out of the Book, becauſe the Examples are all ſuited to then, 
and not only ſo but they may be found Uſeful in the tis 
of Leaſes for Houſes, Sc. For in thoſe Cafes, the Push i- 
is allways allowed more tereſt for his purchaſe Money, thu 
the common Kate paid upon the Loan of Money. 


©x 


ele 
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at the Kate of 5 


For Years, Half Years, Quarters, Months, and Days. 


Here follows New Tables of the Amouvts of one Pound, 
per Cent. per Annum Compound Intereſt. 


>5 |ef II. &c. 


„The Amounts 


1,05 = R 


121550625 
127628156 


1.1025 = RR 
11157025==R? 


1 34009564 
1,40710042 
1147745544 
1,55122922 
1,62889462 


1,71033936 
1.79555633 


! 1,88564914 


© | The Amonnts 
ot 11, &c. 


197993165 
207892818 


2138287459 
2295201832 
2,4066 1923 
2,2695019 
266532977 


278595259 
2 92526072 
307152375 
322509994 
338635494 


| 


3,55567269 | 


I. The Table of the Yearly Amounts of 11. &c. 


— 


| The Amount 
ot 1 l. &c, 


373345632 
392012914 
441613599 
432194239 


453803949 
476494147 
$,00318554 
$5,253 34797 
5.51601536 


57918161 3 
6.08 140694 


638547729 


6.70 475115 


— — 


II. The Table of the Half Yearly Amounts of 1 J. &c. 


E! The [UE The | on £1. The 

>=] Amounts of 7 Amounts of | | > - Amounts of 
> I J. &c. 3{ I. &c. 2 | 14. &c. 
1 | 1,92469507 11 130779943 211,669 12030 
211.05 12 1,3 4009564 22 1,71033936 
3 | 107592983 13 1:37318940 23 | 1,75257632 
4 | 1,1025 14 , 1-457 10042 24 | 1,79585633 
c | 1.12972632 15 | 144184587 MN. 1,84020513 
611157625 16 147745544 26 | 1,83564914 
7 | 1,18621264 17 | 1,531394132 27] 1,93221539 
8$ | 1.21550625 18 ; 1,535132322 25 | 1,979931950 
911245 52327 19 1,58953828 29 2,0288 2616 
10 | 1,27628156 20 |1,52859463 2 30 2 07892818 

Nn2 III. Tlie 


Hundred Millions t Pounds. 


— 
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III. the T:ble of rhe Quarterly Ainounts of 16: the; 7 
117 Ihe . 12 The ft & | The 
» = | Amounts cf » 5. | Amounts of > 2 , Amounts of 
2| 11. &c. 2 | 11. &c. 2 | 17. &c. 
1 101227223 21 | 1,29194439 41 | 1,64835 480 
2 | 1,062459507 22 | 1.30779943 42 | 1,65912031 
| 23| 1,03727037 23 | 1,32384905 43 | 1,65950414 
4] 1,05 24 | 1.34009564 44 | 171033535 
5 106288585 25 135654161 45 | 1 73132504 
— OE _— — — — — 
61 1,07592983 26 | 1,37318940 45 | 1,752575;2 
7 | 108913389 27 | 1 39004151 47 | 157740543; 
8 | 1,1025 28 | 1,40710042 48 | 1.795855; 
91111603014 29 | 1,42435369g 49 | 1,8179549 
10 1,12972632 30 1544184887 50 184020513 
11 | 1,1439059 31 | 1,45954355 51 | 1,86273%* 
12| 1,157625 32 | 1,47745544 52 | 1,85564914 
13 | 1,17183164 33 | 1,49553712 53 | 1 90879027 
14 | 1,18621264 34 | 1451294132 54 | 1,9322153g 
15 | 1,20077012| | 35 |1,53252076 | | 55 | 1 95592759 
161121550625 361, 55132822 | 55 1. 97993165 
17128042323 37 | 1 57036648 57 2, 042297 
18 1,24882227 33 | 1 58963838 55 | 2,0288281 
19 | 1,2505036z : 39 1 62914680 59 | 2,0537243) 
| 2011,27628155 149 1.62889463 60 | 2,07»>92915| 
1 — | 
IV. The Table of the AMonthiy Amounts of 11. &. | 
1 5 The C 2 "= The 18 The 
> = | Amounts of I Amoints ot | >= | Amount 
"1-1& . "| 1 & Kc; * ® | 34 &c. | 
| 1,00407412 | 5 1,0205 37288 | gl 1,0372709 
2| 1,00816455 6 | 1,02469507 10 104149631 
31.01227223 711502886981 111 1,0457395 
41101639628 8 1503306155 12105 | 
VITE. The Amount of one Pound for one Dey, | 


1,0001336807225 &c. (found as that in Page 260.) But in ti? 
following Tube ; I rake only Nine of thoſe Figures, as bein! WF» 
ſufficient in Practice, for Computing the Irtereſt .of any Su, 
not excecduig One 


V. The 


l 


«<A 58 wow WAI we e TA ce == VYW Ss 


7 
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V. The Table of the Dayly Amounts of 17. &c. | 
8 Ihe | 7 1 a = | The 
= | Amounts & | Amounts of s | Amounts of, 
Il [of 11. &c. Il II. &c. Il j 11, &c. | 
111 00013368 36 00482378 71 1,0095 3587 
2 | 1,00025738 37 | 1,0049551v 72 | 1,00567082 
3 | 1 00040109 3811 00509245 73 | 1,009805 79 
4 | 1,0055 3483 39 | 1,00522681 74 1] 1,00994079 
5 { 1,00066853 40 | 1,0053611y 75 | 1,01007579 
6 | 1,00080235 41 | 1,00549558 76 | 1,01021083 
7 | 1,00093614 421 00563000 77 | 1.01034557 | 
$ | 100106994 43 | 1,00576443 75 | 1,0104$093 | | 
9 | 1,C,0120377 44] 1 004 59508 79] 1,01061502 
10 | 1,00133761 45 | 1,0060333 80 | 1,01075112 | 
11 | 1,00147147 45 | 1 ,00616784 SI | 1,01083623 | 
121, 00150535 47100630234 21101102137 
12 | 1,00173924 48 | 1,006435%7 $3 | 1,01115652 
14 | 1,00187315 49 | 1,00557141 84 1 101129169 
15 | 1,00200708 5011 1,00670597 85 | 1,01 01142638 | 
16 | 1900214103 5111 100684055 8611 0115629 
17 | 1,00227500 52 | 1,00697514. 87 | 1,01169732 | 
18 | 1 00240899 53 | 1,00710975 85 | 1,01183256 j 
19 | 1,00254 299 54 | 1,00724438] | 89! 1,01195783 | 
20 | 1,00257701 55 | 1,00737902 9O | 2,01210311 | 
21 | 1,00281105 56 | 1,00751370 9111501223841 | 
22 | 1,00294510 57 | 1,00754839 92 | 1,01237472 
23 i 1,00207918 58 | 1,0077 8309 93 | 1,01252996 
2,4 | 1,00221227 59 | 1,00791781 94 | 1,01254441 
25 | 1,0032473$ 60 | 1,00805235 9511 101277978 
25 | 1.00348141 61 | 1,00818721 GG | 1,01291517 
27 | 1,00361565 62 | 1,00832208 97 | 1 01305055 | 
25 | 1,00374982 63 | 1,00$45687 95S | 1,01318500 | 
25 | 1,00388400 64 | 1,0085916$ 99 | 1,01332145 
30 | 1,00401820 65 | 1,00872651 100 | 1,013456gk 
31 | 1,00415242 E6 | 1,co886135 LOL | 1,01359229 
32 | 1,00428665 67 | 1,00599623 102 | 1,01372788 J. 
33 [1,00442791 69 | L,00912it11 103 1,01386340 
241, 0455518 [f. 1,0092660t | 104 | 1,0139993 
25 | 1,02 . 47 | 70 1 ,00940093 | 105101413448 


Days 
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128 ihe 7 The ; 25 The 
| = | Amounts cf = | Amounts of = Amounts of 
Du |. &c. I | 17. &c. f LL Kc. 
1106 101427005 145 | 101970775 186102517459 
107 1,01440564 147 | 1,0198440 187 | 102531164 
j 105 | 1,01454125 145 | 1,01998039 188 | 1,0254487 
109 | 101467687 149 | 1,020(1675 189 102558578 
110 | 1,01451252 1501, 0225312 190 1,02572288 
111 | 1,01494818 151 | 1,02038950 191 | 1,02586009 
1121501508386 1521, 02052591 192102599714 
113 | 1,01521955 152 | 102056234 193 | 192013430 
114 | 1,01535527 154 | 1,92079875 194 |. 1 02027147 
115 101549100 t55 | 1,02093524 195 | 192640865 
116 1,01562675 156 | 1102107172 196 | 1102554555 
117 | 1,01576252 157 | 1,02120822 197 | 192653310 
118 | 1,015$S9831 i58 | 1,02134473 198 | 1,02632..15 
119 1,01603412 159 | 12148127 I99 } 1102693762 
120 | 1,01616994 150 | 102151792 200 | 1,02729490 | 
121 | 1,01632578 161 | 1,02175439 201 | 1102723221 
122 1,01644154 162 | 1,02159098 202 | 1,9273695} 
123 101657752 163 | 1,02202758 203 | 1,0275066 
| 124 | 1,01671349 164 | 102215421 294 | 1,02754422 
125 3,0168493 3 165 | 1,0223008 5 205 | 1,02778150 
— | — 3 3 ee 
| 126 | 101698527 1661102242751 205 | 1 027918599 
127 | 1,01712122 i67 | 102257419 207 | 192805640 
123| 1,01725719 163 | 1,02271039 208 | 102819386 
129 | 1,01739317 169 | 1,02234761 209 | 102533129 
130 1017529180 | 170 | 19922938434 | | 210 | 1028 1687 
121 | 1,91766521 171 | 1,02312109 211 | 1,02560624 
132 | 1,01780125 172 | 1,02325757 212 | 102574375 
122 | 1,01793731 172 | 1,02339466 213141 02888127 
134101807338 174 | 1 02353147 214 | 102901551 
125 | 1,01820945 175 | 102365329 215 | 110291 5637 
126 | 1,01834559 176 | 02380514 216 | 102929395 
1137 1,0184$173 1771182394200 217 } 102943154 
138 | 101861788 | | 178 | 102407888] | 215] © 02955916 
{ 139 | 1,01875405 179 1,2421578 21% | 192970679 
140 | 1 01889024 180 | 1,02435270 220 | 102984445 
| 141 | 1,01902644 1811102448964 221102998212 
142 | 1,01916207 182 | 1 02462659 222 | 1,0301 1990 
143 | 1.01929891 183 1,02476350 223 | 1,0302575 
144 | 101943517 184 1,0249005 224103039525 
1451101957145 185 102503756 2251030329 


* 


Days 
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WO 229 
| — * by 9 The 
r, The , The =| a of 
| 8 ; 2 7 | G mounrs O 
Amounts of 1 RES | 11 | 1/7. &c. 

Il | x J. &c. LE eee — op: 
— — — PR 626 305 1,041751 © 
2261, 03067074 page 1 307 1,04 189086 
227 | 1, 03080852 ind 103647342 308 1,0420301 5 
12 . 1 269 1503661197 309 1 
229 4,0310841 lO | 1,0423087 
„ 
e Fe, eee 68891 i | 
231 1,03135983 rs ps pn 5a, 312 | 1,04258245 | 
232} 1,03149770 27? 153718638 313 | 1,04272683 
23} ! 1,03153559 274 1.0 730503 314 | 1,042866 2 
" | 234} 1,03177350 4 1,-3744370 315 | 1,04300563 | 
235 1,03191143 al 2 oe” 1,04314506 | 
— — 2 31 2 
235 $,0320493" kl x 1,037 5823s 317 2 | 
237 | 1,03215734 {el} Bo 03785982 | 318 94342397 
— 1753215133 279 | 1,03799856 | 319 043563: 
239 | 1,03240333 20 1 
240 1,04260135 aint Bo, 8 — 1,043 842 19 
— . 382 60 221 5 3 "0 
241 | 1,03273939 | | 251 103841459 | 41322| 2.043980, 
242 | 1,03257744 283 103855371 323 1, 04412159 
243 | 1,03301552 284 | 103869254 324 | 1,4426117 
217 103329173 See ee un, e, 21 04154938 
a *——_ 4 = 3 + 1 
2 1,©3256801 | 287 | 1039109 1044819867 
47 3 | CQ 1,03924817 325 , 44 7 7 
248 | 1,03370617 A 2935699 329 | 1,0449934 
249 1,03384436 289 py. 330 1,04509993 | 
| 2:0 103398157 222 — woos 
| — 201 | 1 1.02956.140 1 331} 104523574 | 
251 1,03412-79 | 4 e 332 17 1504537847 
252103425903 dts | 1 03392295 32 24551822 
253 j 1,03439729 | 6b 104008191 334 104287758 
2541103453557 4 04: 22095 3351 04575777 | 
F 1,04593757 
— — 5 pl 126 O ; 
255 103481218 298 10493500! 337 | 1,0450773 91 
281 91729883 4 18 38 | 104621723 | 
255 12 +: 1,01077729 339 184525709 
2591 1 305 104 51642 340 n 1,04249697 | 
260 36553 | ere Berg — N 
1 : — 24111 486385 | 
261 | 1,0355c404 301 1 342 1.046775 
25218355247 382 104123293 2431 475147 
253 10 78 EH „ 1475647 
7 3591921 20 a >; 047155954 
. 15385758 | 3071 1 04i61230 |} 355 11 04715004 ﬀ 


=—— = 
— 2 ã — . 


ow ˙ KK = 4. ws * 4423 


any 
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"5 | The 1 The | 7 The 0 
© | Amounts cf s | Amcuntsof * } Amountsof Fi 
ll | 1. &c. Hir H I &c.. d: 
- | 346 | 1,04733663 353 | 1,94531705s 360 | 1,0492g$zs f 
347 | 147475564] | 354 | 1,04845722| 351101943976 G 
348 | 1,04761666 255 104859738 362 | 1,0495 7991 | . 
349 | 1,04775671 356 | 1,04873756 363 | 104971932] WW + 
350 | 1,047396 77 357 | 1.04887775 364 | 1,04985g5; 
251 | 1045026806 35* | 1,04501797 365 | 1,04999993 01 
352 11.04817696 35 l 1 04G14829 | I ws | 1,05 | . 
4 — en 


I think it needleſs to ſay any Thing of the Uſe of theſe Tu be 
becaufe I take it for granted, that whoever underſtands the Work 
of the foregoing Examples, at 6 per Cent. Cannot but kn 
how to make Uſe of theſe Tables of 5 per Cent. As Occaſpn = 


requires, 17 
Thus far concerning ſuch Aunuities or Leaſes, &c. that are I. 
mited by any Aligned True; and tis only ſuch that can be compu- ; 
= Q 11 


red by Theorems or certain Rules. However it may not perhaps be 
Unacceptable, to infert a brief Account of ſome Eſtimates that 
have been Reaſonably made, by Two very ingenious Perſors, . p 
bout the Proportion, or Difference of Mons T.ives, according: Mi | 
their ſeveral Ag's; which may be of good Uſe in computing the 
Values of Annuities, or taking of Leaſes for Lives, &c. 

Sir William Hetty in his Diſcourſe made before the Royal Society l 
(Anno 1674.) concerning the Uſe of Duplicate Pzopozrion. in the I 
Life of Mau and its Duration; faith, That its found by Experi- | 2 
ence there are more Perſons Living of between 16 and 26 Years 07, WW © 


than of any other Age or Decade of Years in the whole Lite co WF 
Man (viz 70 ur 85 Years.) His Reaſon for that Aſſ»rtion Iſt! Wer © 
omit ; but ſuppoſing it true, he thence Infers, That the Roots ct | 


every Number of Mens Ag s under 16 (whoſe Root is 4) comp» Mk !4 
red with the faid: Number 4 doth ſhew the Proportion of ti: WF 
Likelyhood of fuch Men reaching the Ag- ct 79 Years. 1 

As for Example, Tis 4 Times more likely, thar One cf 15 Wiſh 41 


Y-ars Old thould live to 70, than a New-Born Babe. 'Tis 3 WW 
Times more likely, that One of 9 Years Old ſhould attain the D. 
As of 70, than the faid Infant, &c. N 
On the other Hand, "Tis 5 to 4, that One of 25 Years id Lin 
will Die before One of 16: And 6 to 5, that One of 36 will ve 


Die before One of 25. And ſo on ac-ording to the Roots ck ins 
any other declining Age, compared with (4,6) the Root of 21, I 7% 
which is the Pear of Perfection according to the Senſe of cut doe 


Law, and the Age for whoſe Life a Leaſe is moſt V — 
2. 147 
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2. The [ng-nious and Great //athematician, Captain Edmund 
Holley, (Ii Philoſoph. Trauſact. Num. 196) doth with great In- 
duſtry and Skill, draw an Eſtimate of the Proportion of Mens 
Ive, trom the Monthly Tables of the Brrths and Funerals in 
Br. flaw, the Capital City of the Province of Silefta; Or, as the 
ua, call it, Schleſia. Whence he proves, that its 89 to 1 a 
Perſon of 25 Years Cd will not Die in a Fear: That its 54 to 1, 
That a Man of 40 will Live 7 Years: That a Man of 30 Years 
Gd may reaſonably expect to Live 27 or 28 Years, &c, 

Now from theſe and the like Proportions (he juſtly infers that) 
the Price of Inſarance upon Lives ought to be Regulated, there 
being a great Difference between the Zzfe of a Man of 20, and One 
of 50. For Example; Tis 199 to 1, that of a Man of 25 Dies not 
in a Year, and but 38 to 1, for a Man 50 Years of Age. And up- 
on theſe alſo depends the Valuation of Aunuities for Lives: For it 
i plain, that the Pure haſer ought to pay only ſuch a part of the 

Value of any Annuity, as he hath Chances that he is Living. 
And for that Purpoſe he hath taken the Pains (which was not 
alittle) to compute the following Table, that thews the Value of 
Ammities) tor every Fifth Year of 4g- to the 7orh. 


g Year's Purchaſe | Age | Year s Purchaſe | Ag? Year's Purchaſe! 
I 19,28 25 12,27 50 9,21 
5 13,40 301 11,72 55 8,51 
191. 13,44 35 11,12 f 60 7,00 : 
15 13,3 15 12,37 65 6,54 1 N 
1 45 9,91 79 5,32 "0 


Ihe ſane Ingenious Gentleman proceeds on, and ſhews how 
to Eſtimate or find the Value of Two Lives, and then of Three 
E Lives, which being too long a Diſcourſe to be recited here, I 
lave, for Brevities ſake, omitted it; and ſhall only add this ſe- 
E :10us Obſervation. 
EF Viz. How unjuſtly we Repine at the Shortneſs of our Lives, 
aud think our ſelves wrong d if we attain not to Old Age; 
© whereas it appears, that the Oue Half of thoſe that are Bozn, 
Die in Seventeen Years Time, For by the aforeſaid Bills of 
Mortality at Breflaw, it was found, that 1238 were in that 
Lime reduced to 616. So that inſtead of Murmuring at what 
we call a Short Life, we onghr to account it as a great Bleſ- 
© ling that we have Survived, perhaps by many Years, that Pe- 
riod of Life whereat the one half of the whole Race of Mankind 


does not Arrive. | | 
O 0 Se &. 4 
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Sect. 4. Of Purchaſing Frec-hold, Or Real Crates, 


at Compound Intereſt. 
All Free- hold or Real Eſtates, are ſuppoſed to be Purchaſel 


Bought to continue for Ever (viz. without any Limited Tine) 
Therefore the Buſineſs of Computing the true Lalue of ſuch 
Eſtates, is grounded upon a KRA or Series of Geometric 
Proportionals continually Decreaſi;g, ad Ji finitum. 


Thus, Let P, u, R, Denote the fame Data as in th 


laſt Section. Then the Series will ber Fo . my 9. 
and fo on in & until the Laſt Tim =o. Then will P —: 
(viz. P) be the Sum of all the Autecedents. And P —7 
will be the Sum of all the Conſ-quents 5; Therefore it nil 
be, u: = Tr AP o — which produces PR- 4% = P. 


This Æquation affords theſe following Theorems. 


Theorem 1. PR P u. Theorem 2. 1 — =P, 


Theorem SE = = R. 


Example. Sppoſe a Free-hold Eſtate of 75 1. Yearly Rent wn 
to be Sold; what is it worth, allowing the Buyer 6 per Cent. G. 
Compound Intereſt for his Money ? 

In this Qzeſtioz there is given 4=75 . R= 1,06 To find! 
Per Theorem 2. Thus R — 1 = 0,26) 75 = u (125cl. =t. 
the Anſwey required. And ſo for any of the reſt as Occaſion ts 


quires. But if the Rent is be to be paid, either by Quart 


Or Half Yearly Payments; 


Then X — af 1,20 for Half. -Yearly 1 
And KNV 7 1,06 for Quarterly > Payments at 6 perlen 


"+ — for Year] | 
Or ; R = 1,08 for eee Payments at 8 Pèr Cen. 
K Is for Cuarterly 


The like is to be underſtood for any other propoſed Kate * 
Inereft either Greater, Or Leſs than 6 per Cent. 

The Application of theſe Theorems to Practice, is ſo 
Faſie, that it's needleſs to inſert more Examples. 


2 


| = 
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INTRODUCTION 


| Mathematicks. 
bu PART III. ; 


CHAP. L 


Ot Geometrical Definitions, &c. 
Seck. 1. Of Lines; and Angics. 
\ Point hath 7-0 Parts: That is, a Geometrical Point is 


nct any Qza-tity, but only an Aſtuable Place in any 
Quantity, denoted by a Point: 4 B 
As ar A. and B. q : 
Such a Place may be conceived ſo Irfinitely Small, as to be void 
Length, Breadth and Thickneſs ; And therefore à Point may 
de ſaid ro have no Parts, 
2. A Line is called a Qnarntity of one Dimen ſion, becauſe it 
2 have any ſuppoſed Length, but no Breadth nor Thick»efs, 
* made or Repreſented to the Eye, by the Motion of a 
ot. | | 
That is, If the Polt at A, be Moved (upon the ſam? 
ain) to the Pont at B, it will deſcribe a Live, either 
Night, or Circular, (viz. Crooked) according to its Motion. 
= lherefore the Ends or Limits of a Line are Points. 


4 
* 


| 3. A Bight Line, is that Line which lieth Even or Strerght 
21 En thoſe Poi ats that Limit its Length, being the ſnwteſt Line 
hit can be drawn between any T'wo 4 B 
ets. As the Live AB. + MS 


ry 
* 

T. 

0 


kt one Right Line. 
. O o 3 4. 


by! berefore between any Two Points, there can Lie, or be Draws 
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4. A Circular, Coo or Oblique Line, is that which Lit 
bending between thoſe Poixts which 


Limit its Length, as the Lines CD „„ 
or F, &c. 2 
Of theſe kinds of Lines there are D 
ft 


various Sorts; but thoſe of the Circle F 
Paratola, Ellipfis, and Hyperlola ; ; 

are of moſt general Uſe in Geometry ; of which a particular 4 
count ſhall be given furth-r ou. 


5. Parallel Lines, as thoſe that 
lie Equally Diſtant from one another 
in all their Parts, viz. ſuch Lines as 
being finitely extended (upon the —— 
ſame Plain) will never Mert; As the C- ne 


Lines A B and ab, or CD and e d. 6 d 


6. Lines not Parallel, but Jnclining (z Leaning) cs 
towards another, whether they are 


fight Lines, or Circular Lines, will 4 4 : 
(if they are Extended) Meet, and 

make an Argle; the Point where 7 

they Meet is called the Angular Point, C 
As at A. And according as ſuch 

Lines ſtand, nearer or further off 5 
each other, the Angle is ſaid to be 4 ; 

Le ſſer, or Greater, whether the Lues 2 | 
that Include the Anzle be Long, or 2 
Short. That is, the Lines Ad, 


And AF Include the ſame Angle as A B, and AC doth ; nM 
withſtanding that A B is Longer than Ad, &c. 


p £ - | 
OT 2 ws... # # SB = 


3 km, £3 & £@ 


7. All Angles Jrcluded between Right Lines, are cal 
Right lin d Angles ; and thoſe Included between Circular Lin: 
are called Spherical Awgles. But all Augles, whether Right lani 
or Spherical, fall under one of theſe Three Denomi nations. 


» Right Angle. 
7%. 


An Obtuſe Angle. 
An Acute Angle. 


8. A Kight Angte 1s that which 18 Included betwixt Tr 4 
Lines, that Meet one another Perpendicular, * 13 


* 


eee 
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That is, When a Kight- live 
as D C, Meets with another 
Right-lize as AB, fo direaly 
as that it neither IJxclines nor De- 
clines to one Side more than the 
other, but makes the Azgles on | 
both Sides of it. Equal, as at x,x; 4 XIX B 
Then are thoſe Argles called C 

Right Avgles ; and the Les fo. | 

meeting are ſaid to be Perpendicular to each other. 


D 


That is, AC, and CB, are Perpendicular to DC, as well 


as DC is to either or both of them. 


9. An Obtuſe Angle is that which is Greater than a Right 
Angle Such is the Angle Inclu- | 
ded between the Lines AC ay B 


& 3 N 
10. An Acute Angle is that 4 = . 


which is Zeſs than a Right Angle 1 
As the Angle Included between the Lines CB and CD. 


Theſe Two Argles are generally called Oblique Angles. 


; = 2. Of a Circle, &c. 


Before a Circle and its Parts are Dr fined, it will be convenient 
to give a brief Account of Superficies m general. 


1. A Super fleies or Surface is the u or very Out-fide 
cf any viſtble Thing, But by f is of 
only ſo much of the Out- ſide of any Thing as is Zxcloſed within 
> 2 Lize, or Lies, according to the Form or Figure of the Thing 
" Deſigned ; and it is produced or formed by the Motion of a Line, 
a Line is deſcribed by the Motion of a Point; thus: 
Suppoſe the Line A B were equally 
' Moved (u pon the ſame Plain) to A=—= — 
> CD; Then will the Pozrts ar A and — —— 
| B Deſcribe the Two Lines AC and c= 
50; and by ſo doing they will 
Form (and Incloſ») the @uperficies or Figures A BCD, be- 
4 ung a Quantity of Two Dimenſions, viz. it hath Length and 


Frecdth, but not Thickneſs, Conſequently the Bounds or Limits 
Vs Superficies are Lines, 


Note, 
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5 Note, The Super ficies of any Figure, is uſually called i ts Atta 


2. A Circle is a Plain Regular Figure, whoſe Area is bounds} P 
or limited by one continued Line, called the Citcumferan; 
or Periphery of thc Circle, which may be thus Deſcriled a ( 
Nn. 5 
Suppoſe a Right Line, as CB, to have One of its Fi. (1 


tream Points, as (, ſo fixt upon any 

Plain, as that the other Foint at B may 

Move about it; Then if the Pozrt at B 

be Moved Round about (upon the ſame 

Plain) it will Deſcribe a Line equally Di- of 

ftlant in all its Parts from the Point C, th 

which will be the Circumference or Peri- al 

phery of that Circle; the Point C will be 

irs Center, and the contained Space will be it's Area, and 1h 

Right Lime CB, by which the Circle is thx: Deſcrivel, ii C, 

called Radius. h | C/ 
Conſectary. A. 


From hence tis Evident, That an Infinite Number of Right Lin: 
may be drawn from the Center of any Circle to touch it's Feriphery, MW (i 
which will be all equal to one another, becauſe they are all Radiui;,, WM. u 
And with a little Confideration it will be uf to conceive thit A 
70 more than Two equal Right Lines can be drawn from any Point t. 
with a Circle to touch it s Periphery, but from the Center only. WM K. 


O. e. 3.) 


3. Equal Circles are thoſe which have Equal Radius's; ft 1: 
it's plain by the laſt Definition, that one and the ſame Raus 
(as C) muſt needs Deſcribe Equal Circles, how many fo WM / 


ver they are, Þ, 
all 

4. The Diameter of a Circle, is D 
Twice its Radius join d into one Right 4. 
Line, as A B draun through the 0 
Center C, and Eudirg at the Heri phe- 5 5 

ry on each Side. —— 33 
That is, the Diameter divides the C 1 
Circle into Juo equal Parts, | 2 


5. A Semicircle (viz. Half a Circle ) is a Figure Inciudd 
between the Diameter, and Half the Periphery cut off by WE vir 


6.3 Fei 


the Diameter; AS ADB. 


Chap. 1. 


. A Quadraut is Half a Semicircle, viz. one Quarter of 2 
(Circle and it's made by the Radius 
(as DC ſtanding Perpendicular up- D 
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en the Diameter at the Center C, 
cutting the Periphery of the Semicircle 
in the middle, as at D. Therefore u 
Wuodrant, Or half the Semicircle, is the A C0 / 


Aeaſure of a Right Angle. 88 
7. A Chozd Line, or the Sul tenſe a, G 


of an Arch, 1s any Right Line that cuts 


the Circle into Tivo unequal Parts, as the Line SG; and is 
always Leſs than the Diameter. 


8. A Segment of a Circle, is a Figure Included betwixt the 
Chord and that Arch of the Periphery which is cut off by the 
\ Chord: And it may either be Greater, or Leſs than a Semicirele ; 


As the Figure S N G or S DG. 


9. A Setdoꝛ is a Figure Included between Two Radius of the 
(ircle, and that Arch of its Periphery 4 P 
where they Touch, as the Figure AC B, 
And the Arch AB is the Meaſure of 
tie Angle at C, Included betwixt the / | 
. 


Radiuss AC, and BC. 


Note, All Angles of Sectors are cal- = . 
led Aveles at th? Center of a Circle. — > 

17. An Angle in the S-gmert of a Circle is that which is 
[1c/::4-4 between Two Chords that flow from o and the ſam? 
Tot in the Periphery, as at D, and meet with the Ends of 

anther Chord Line, as at F and G. 

Uhar is, the Argles at D, at F, and at G, are called 


Age at the Periphery, or Angles Standing on the Segment 
ct a Circle. 


Sect. 3. Of Triangles: ; 
There are Two Kinds of Triangles, viz. Plain and Spherical; 


2 [ ſhall not give any Definition of the Spherical, becauſe th- 
E707 0 immediately Relate to A ſtronon:y. p ; 1 


? 


* I. A Plain Triangle is a Figure whoſe Area is contained 
Within the Limits of Three Right Lines called Sides, Including 
Lee Avgles : And it may be Divid-d, and takes it Name 
kither according to its Sides or Avgles. 


7. By 
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1. Ey its Sides. 


2. An @gq'ffeteral Triangle is that 
which hath all its Three Sides equal, 


as the Figure ABC | 
That is, AB = BC= AC. | 
C ; 
3. An Itoceles Triangle is that which hath D c 
ouly Two of its Sides Equal as the Figure q 
B DG. That is, BD = DG ; but the Thir4 t 
Side BG may be either Greater or Leſs, as 17 
Occaſions requires. — 
B G 
A Stalevous Triangle K 4 
is that which hath all its Three a] 
Sides Unequal ; | & 
ſuch as the Figures HNA. at 
| A 1 
2. By its Angles. e 
5. A Kight-angled Triangle, is 

that which hath o Right Avgle ; F. 
That is, when Two of its Sides are | 'S 
Perpendicular to each other, as CA | a 
is ſuppoſed to be to B A. Therefore H. 

the Angle at A, is a Right Angle,3 Al 
Per Defji. 8. Sect. 1. le. 


Note, The long?2/t Side of every Right-angled Triangle (ns BU) FC F 
zs called Hypotenuſe, and th: Longeſt of the other Two Sid:s WF :: 


which Include the Right Angle (as B A) is called Baſe. Ile * 


Third Side (as CA) is called Cath2tus or Perpendicular, 


6. An Obtife-angled Tiangle is that which hath oe of il 
Angles Obtuſe, and is called an Amblygonium Triavgle. Such ; 
is the Third Triangle HMM. 


7. An Acute⸗angled Tria»g'e is that which hath all its Aug 


Acute, and its called an Oxygozium Triangle ; Such are the F 154 
and Second Triangle s A BC, and B DG. | 0 
Ar 

Note, All Triangles that have not a Right Angle, whether th!) | our 
are Acute, or Obtuſe, are in General Tirms, called Oblique Piat. be 


60 
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glos, without any other Diſtinction as before. And the Long It 
Sid? of every Oblique Triavgle, is uſually called the Baſe ; The o- 
ther Duo are only called Sides, or Legs. | 

8. The Attitude or Beigbr of any Hain 
Travele, is the Length of 4 Right Line 
let fall Perpendicular from any oß its 
Arglas, upon the Sid“ oppoſite to that 
Aigle from whence it falls; And may be 
either within, or without the Triangle, 
as Occaſion requires, being denoted by 
the Two prick d Lines in the Adunoxed 
Triangles. 


— — 


Seck. 4, Of Four⸗Sided Figures, &c. 
1. A Square, is a plain regular Figure, 

; Whoſe jy ach: is Limited ir * equal Wo? A B 
all Perpendicular one to another. 

That is, when AB-=BC=CD =D A, 
and the Angles A, B, C, D are all equal, 
Then it's uſually called a Geometrical D 4 

Szuare. GC 


2. A Mhombus or Dizmord like 


Figure, is that which hath Four equal 
Sides, but no Right Angle. That is, 
a Rhainus is a Square moved out of its 


Right Poſition, as the Annexed Fig ie. — | 
3. A Kedangle, Or a Kg argled Parallelugram (often cal 


4 led all Oblong, Or long Square) 15 4 B * 
Fare chat hath Four Right Angles, mo 
iii Two Oppoſite & des equal, | 
gz BC=HDand BH =C'D. H * 


J. A Khomtotves, is an Obliqur-avgled Parallelegram, 


That is, it is a Parallologram Moved 
a cut of its Right Poſition, like the % 2 8 
5. The Altitude or Height of any Oblique -angled Parallelegrams 
ba Rg ine let fall Perpendicular from 
any Angle upon the Side oppoſite to that 
ut the Figure. As the Prick d-lines in N : 
the Anxexed Figure. 


| Aumnexed Figure. | 
. either of the Rhombus, or Rhomboides N 
Angle; and may either be within or with- : 


TELEEEEEEE EDS 


P P e. All 


— 
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6. All Four ſided Figures, which 
differ from thoſe before- mention d, 
are called T tapezia. 

Thar ie, when they have neither 
Oppoſite Sides, nor Oppoſite Angles, 
Equal; As the Figure ABCD E 


7. A Kieſu- line drawn from any Angle in 2 Four ſided Figur 
to its oppoſite 7 gl, is called a Diagonal Line, and will Dzvid: 
the Ar-a of the Figure into Two Triavgles, being denoted by the 
Prick'd-line AC in the laſt Figure. 


8. All Right Sined Figures that have more than Four Side, 
are called Poi, wherhec they be Regular, or Irregular, 


9. A Kegvtar olpgon, is that which hath all its Sides Equl 
ſanding at Equal Argles : and 1s nam'd according to the Au: 
ber of its Sides (or {::g/2s). That is, if it have Five Equa 
Sides, it is called a Panagon ; if Six Equal Sides, it is calleda 
Peragan; it S727, it is a Heptagon; it Eight, it is an Od 
gon, Kc. 


Note, Al! Regular Polygons may be inſcribed in a Circle. 
That is, their Anevlar Points, how many ſoever they have, wii 
ail jrft Touch the Circle's Periphery. 

10. An FJrregular Polygon is that Figure which hath mary 
wegual Sides ſtanding at unequal Argles 
(hke unto the Aunexed Figure, or other- 
wiſe); And of ſich kind of Polygons 
there are Infinite Varieties ; but they may 
all be Reduced to Regular Figures, by 
arawng Diagonal Lines in them, as ſhall 
be thewed farther on. 


Theſe are the moſt General and Uſ-ful Definitions that cor 
rern Plain or Superficial Geometry. 

As for thoſe which relate to Solids, I thought it convenient f 
omit giving any Account of them in this Place, becauſe they woll! 
rather Puzzle and Amnſe the Learner than Improve him, until h. 
has gained a competent Knowledge in the moſt uſeful Th?0r 
concerning Sperficies, for then thoſe Definitions may be mot 
eafily underſtood, and will help to form a clearer Idea of the! 
reſpebtive Solide, than tis poſſible to conceive ct. them bet2re 


and therefore 1 have reſerved thoſe Definitions wil we come , 


the Fifth Part. 
CG 
* 


K. 


OT 
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dect 5 Of ſuch Terms as are generally uſed in Geometry 


Whatſoever is propoſed in Geometry, will either be a Problem 
or a Cheozem. | 

Both which Euclid iucludes inthe general Terms of Pro po ſition. 

A Pꝛoblem is that which propoſes ſomething to be Doe, and 
Relates more [mmediately to Practical, than Speculative ore 
That is, it's generally of ſuch a Natrre as to be perform'd by 
jome known or Common Received Rules, without any regard had 
to their /:verntions, or Demonſtrations. 

A Theozem is when any Common Received Rule, or any New 
Propoſition is required to be Demon ſirated, that ſo ic may from 
thenceforward become a certain Aule to be Relied upon in 
Fractice, when Occaſion requires it. And therefore ſeve ral Rules 
are often called Theorems, by which Operations in Arithiueticꝶł, 
and Concluſions in Geometry are perform d. 

Note, By D:monſtrarion 7s z2derftood t he higheſt Degree of 


Proof that human Reaſon is capaple of attaining to, ty a [rain of 


ANgUmments, deduced or drawn from ſuch lain Axioms, aud 
ply: Self-evident Truths, as cannot be Denied by auy One that 


con ſiders them. 


A Corollarp, or Con ſectar y, is ſome Conſequent Truth drawn, 


or gained from any Demonſtration. 


A Lemma is the Demonſtration of ſome Premiſes laid down, 
or propoſed as Preparative to Obviate and ſhorten the Proof cf 
the Theorem under Conſideration. 

A Sctolium is a brief Commentary or Otſervation made upon 
ſome precedert Diſcourſe. 


N. B. I adviſe the Young Geometer to le very perfect in the 
DP jiritions, viz. Not to veſt ſatisfied with a bare Remembrance 


them, but that he Endeavour to gin a clear Iden, or Un- 
Kr/fndivg of the Toogs defined; and for that Reaſon, I have 
Nen fully in every Detinition than is uſual. 

h that be may kuow from whence moſt of th? following 


. "olems, and | heorems cotaiꝝ d in the Two next Chapters are 
Pllected; I Have dll alors g cited the Propoſition, aud Book of 


E-ulid's Elements, where they may be found. 


, for Inſtance, at Problem 1. there 7s (3. e. I.) which 
Us, that it is the Third Propoſition % Eniclid's Firſt Bock. 


e like muſt be widcrſtood in tho Theorems, 
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In 


CHAP. 


II. 


— 


The Firſt Kudiments, or Leading and Preparatcy 


Pꝛoblems, in Plain Geometry. 


In order to perform the following Problems, the young Geometer 
ought to be provided with a thin ftreight Ruler, made either of 
Braſs, or Box-wood ; and Timo Pair of very good Compaſſes, 
viz. one Pair called Three Pointed Compaſſes, being very uſeful 
for Drawing of Figures or *hemes, either with Hack 
Int, aud ons! Pair of plain Compaſſes with very fine Points, to 


Meaſure and ſet Off Diſtances ; alſo he 


ad oy 


ſhould have a very good 


Steel Drawing Fes: And then he may proceed to the Mort with 
this Caution; That he ought to make himſelf Maſter of one Pr. 
bl-m before he undertake the next, That is, he ought to undi. 
ſtand th Da ſig e, and, as far as he can, the Reaſon of every 
Problem as well as how to do it, and then a little Practice will 
render them very Baſy, they being all grounded upon this 


following Poſtulates. 


Voſtulates or Petitions. 


I. That a Rightnline may be Drawn from any one give: 


Point to another. 


2. That a Kight-line may be Produced, Iucreaſed, or mt 


Lorger from either of its Ends. 


3. That upon any given Pont (or Center) and with any give! 
Dijtance (iz. with any Radius) a Circle may be deſcribed. 


PROBLEM TI. 


Teo Reght-lines being given; To find their Sum and 


Difference. (3. e. . I ) 


Let the given Lines be A 


Make the ſhorteſt Line as C B, 
Radius, and with it Deſcribe a 
Circle; From its Center C ſet Off 
the other Line AC, and 70y: 
ACZ with a Right-lizve. Then 
wil AB = AC + CB; and 
AD—=AC—CB; As was re- 


quried, 


—C 
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PROBLEM II. 

To Biſect, or Divide a Right-line given (as AB) into Two 
Equal Parts. (10. e. 1.) 

From both Ends of the given Lu (viz. A and B) with any 


C 


Radius Greater than Half its Length, .D- 

d:ſcribe To Arches, that may Croſs . 

each other in Two Points, as at D, and 

F; Then joy thoſe Poirts D, F with 

a Kight- line; And it will Biſeet the 4 : A — 
Line A Bin the Middle at C wit nt 


It will make A c _ 4 5; As was : 1 


required. 


PROBLEM III. 


To Biſect a Right-lind Angle given, into Two equal Angles 
(9. e. 1.) 


Upon the Angular Point, as at C, with any convenient Radius, 
 9eſcribe an Arch as AB; And from 
thoſe Points A and B, Deſcribe Two 
equal Arches Croſſing each other, as 
ar D. Then joy the Points C, and 
D, with a Right-line, and it will 
Biſect the Arch A B, and conſequently 
the Aigle; As was required. 


PROBLEM IV. 


At a Point A, in a Right-line given A B. To make « 
Right-lind Angle, Equal to a &igl41t-lind Angle given (. 
(23. & 1. 


3 2 1 Ju * *. D U , * . —＋＋ * . 
— — — — — — — a | * - —- 
. io fn > | + v-* x 
— o 2 — wg . — — — 
b — 1 ww *. * 
— - 0 


Upon the given Angle Point C deſeribe 
an Arch, as F D, (making CD any 
| Radius at pleaſure) and with the ſame 
| Radius, Deſcribe the like Arch upon the 
| given Pozxt A, as Fd. That is, make 
F the Arch fd Equal to the Arch FD; 
: hen joyz the Points A, and F with a 
q K Aht-liue, and it will Form the Angle 
| required, bs | 
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PROBLEM V. 


To Draw a Right-line, as F D, parallel to a given Right-line 
AB, that ſhall paſs through any aſſigned Point, as at x, viz, 
at any Diſtance required (31. e. 1.) 


Take any convenient Poirt in the given Lzze, as at C, (the 
further off x the better) ; make . 

Cx Radius, and with it upon F - an 
the Poirt C, deſcribe a Semi- £ . 
circle, as H x N. Then make 4 — — — — 
the Arch H equal to the i C * 
Arch x N; through the Pozrts IV and x draw the Right-line 
FD, and it will be Parallel to the Line AC, As was required. 


PROBLEM VL 


To Let fall a Perpendicular, as Cx, upon a given Right-lin? 
AB. from any afſigned Point that is not ix it, as from (. 


. 

Cron the given Point C, Deſcribe ſuch an Arch of a Circle, 
as will Croſs the given Line A B in C 
Two Points, as at q, and f; Then 7 
Biſect the Diſtance between thoſe Tͥ⁰ 
Points d, F (per Prob. 2.) as at K- 

Draw the Right-line Cx, and it will =. 1 
be the Perpendicular required. Hl nun 


WR 


— 
* 


PROBLEM VII. 


To Erect or Raiſe a Perpendicular upon the Eud of any give 
Kight-line, as at B; Or upon any other Point affigued in it. 


11. 6. I) 

0 on any Point (taken at an Adventure) out of tlie give! 
Line, as at (, deſcribe ſuch a Circle, OT | 
as will paſs through the Pott from Pi 1D 
whence the Perpendicular muſt be Fa Tt 
Raiſed, as at B (viz. make C B Ra- — 
diu); And from the Point where the SL wth; on | 
Circle cuts the given Line, as at A, AE. MP Ian 
drmn the Circle's Diameter A CD. A Wy 
Then from the Point D, draw the „„ 
Right-line D B, and it will be the Perpendicular as was 
required. 5 


RO; 


PROBLEM VIII. 


To Divide any given Right-line, as A B, wito any propo 4 
Number of Equal Parts ( 10. e. 6.) . 


Ar the Extream Points (or Ends) of the given Line, as at 
A and B, make Two equal 
Angles Prob. 4.) continuin 
2 ger A 50 200 #8 £ — 
| auy ſufficient Length; Then up- 
on thoſe Sides, beginning at the 
Points A, and B, ſet off the pro- 
poſed Number of equal Parts 
( ſuppoſe them 5.) If Right-lines 
be drawn (croſs the given Lwze) 
from one Point to the other, as 
in the Aunexed Figure, thoſe Lines will Divide the given Line 
A into the Number of equal Parts required. 


PROBLEM IX. 


To Deſcribe a Circle that ſhall paſs (or cut) through any Three 
Ports given, not lying in @ Right-line. 
As the Points A, B, D. 


C: 


oy: the Points B A, and B D with Xrghi lines, then 
Bile& both thoſe Lines (per Problem 2.) Aroma? 
| The Poirt where the biſecting Lines 
meet, as at C, will be the Cexter of the 
Circle required. 


The Work of this Problem being well | 
underſtood, it will be E⸗ ſie to perform 
the I'wo following; without any Scheme 
| 712.1. To fd the Center of any Circle given. (1. e. 3.) 
| Ly the Lat Prob. tis plain, thatif Three Points be any where 
taken 12 the given Czrcle's Perifhery, as at A, B, D, the Center 
F that Circle may be found as before. 


Je Segnent of any Circle be given; To compleat or Deſerite 
the whole Circle. 


may be done by taking any Tyres Poizzts in the given 
Arch, and then proceed as before. 
PRO- 


7 — 
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PROBLEM x. 


Upon a Right-line given, as AB; To deſeribe au Equlitey. 
Triangle. (I. e. 1.) f 


Make the given Line Radius, and SS. 
with ir, upon each of its Extream Points, RM 
or Ends, as at 4, and B, deſcribe an 
Arch, viz. A C, and Be. Thenj oyn 
the Pozrts A C, and BC with Right- 
lines, and they will make the Triangle 
required, A: 


PROBLEM XI. 


Three Right-lines being given; To form them into a Timg!., 
(provided any Two of them taken tog:ther, be Longer this 
the Third.) (22. e. 1.) — 0 


Let the given Lines be 1 1 


Make either of the ſhorter 
Lines, as AC, Radins, and 
upon either End of the Loge-/? PY 
Line, as at 4, deſcribe an 
Arch; then make the other Line C B Radius, and upon the 
other End of the Longeſt Side, as at B, deſcribe another Arch t. 
croſs the Firſt Arch, as at C; Join the Potts C A, and C 
with Rrghl-lines, and they will form the Triangle required. 


PROBLEM XII. 
Upon a giver Right-iime, ns AB, Toform a Square, (46. e. 1. 


— 


peudicular B D, equal in Length with 2 D 
the given Lie, viz. make BD AB; = 

that being done, make the given Line 
Reins, and upon the Points A, and D, 
deſcribe equal Arches to croſs each other, 1 
as at C; Then joyn the Points CA, and . p 
C D with Right-liies, and they will form ee ID 
the Square required, A 


Upon one End of the given Line, as at B, Erect the Per 


the 


Pere 


at A; Then make the Angle 


(s DG F); Then will the 
Age B 4 be equal to the 
Axgle FDG. Joyn the Pozzts 


aud it will form the I ae required, 
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PROBLEM XIII 


Two Unequal Right-lines being given; To form or make of them 
a Right angled Parallelogram. 


Let the given Lines be 5 


Upon one End of the Longeſt ) — e e 2, 
Line, as at B, Erect a Perpen- n | | 
dicular af the ſame Length with | | 
the ſhorteſt Line B C; Then FFF 


| from the Point C draw a Line | 
| Poralle), and ef the fame Length to A B, viz. make DC= A B. 


Jeyn DA with a Aight-line, and it will form the Gblorg or 
Perallelogram required. 


As for Rhombus's; and Rhomboides, to wit, Oblique-angled 
Parallelograms, they are made, or deſcribed after the fame Man- 
ner with the Two laſt Figures; only inſtead of Erecting the 
Perpendiculars, you muſt ſer off their given Angles, and then 
proceed to draw their Sides Parallel, &c. As before, 


PROBLEM NIV. 


Ie any given Circle, To inſcribe or make a Triwigle, whoſe Angles 
all te Equal to the Angles of a given Triangle. As the 
Iriargle FD G, (2. e. 4. 


Note, Any Right-lin'd Figure is ſaid to be Inſcribed in a Circle, 
when all the Ain gular Points of that Figure do juſt Touch th? 


(Circles Peri phery. 


Draw any Right-line (as H K) fo as juſt to touch the Circle, 


K AC equal to any one Angle - 
of the given Triazzle (as DF G); N 

And the Argle H AB equal 

to another Angle of the Triangle 


B and C with a Rioghr-line, 


29 
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L PROBLEM XV. | 

» In any given Triangle, as A BD, To Deſcribe à Circle that ſha 

\ touch all its Sides. (4 e. 4) 
75 Biſect any Two Angles of the P 

[ Triangle, as A and E, and where the 

fl biſecting Lines meer, as at C will be A 
. the Center of the Cirelè required; and [ 
1 its Radius will be the neareſt Diſtance 0 
'' to the Sides of the Piangle. 0 7 ot l 
4 t 
f PROBLEM XVI. 4 


— - 


To Deſcribe a Circle about any gien Triangle. (F. e. 4). I 


: This Problem is perform'd in all Reſpeds like the Ninh, fi * 
8 vz. by Biſecting any Tu Sides of the given Triangle ; the Poi ( 
th where thoſe biſecting Lines meet, will be the Center of be | 
* Circle required. 0 

PROBLEM XVII. 


. rr * — 
2 
1 r S 5 nr * 
— 2 — — P 


r 
2 


bw Deſcribe a Square about any given Circle. (7. e. 4) \ 


Draw TVo Diame ters in the given 
Circle, As D A, and E B, at Right 
Argles in the Center C; And with rhe 
Ces Radius C A, deſcribe from the 
Exrtriam Points of the Diameter, A, B, 

D, E, Croſs Arches, as at F, G, H, K; 
Then joyn thoſe Ports where the 
Arches Crofs, with Right lines, and they. 
will form the Square required. 


PROBLEM XVIII. 


In any given Circle, To Deſcribe th? larg ſi Square it ca 
contain. (6. e. 4). 


Having drawn the Diams ters, as D A, and E B, Biſecting 
each other at Right Angles in the Center C, (As in the lait 
S-h2me:) Then joyn the Pozzts A, B, D, and E, with Right- 
nes, viz. AB, BD, DE, E, A, and they will be the Sides 
of the Szuare required. 103 
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PROBLEM XIX. 


pan any given Right-line, as AB, To Deſeribe a Regular 
; Pentagon, or Five Sided Polygon. 


Make the given Lue Radius, and upon each End of it De- 
ſcribe a Circle, and through thoſe 

Points where the Czrcles croſs each 2 
other, as at G, x, draw the Right- "As 8 
lize & e x, upon the Poiat G, with — 7. 1% 


the fame Ra Aug deſcribe the Arch 1 * 7 _ 
Py SG 


*, I, 


HAeBD. Then lay a Ruler up- 

on the Points D e, and mark where : 

it croſles the other Circle as at F. 

Again, lay the Ruler upon the 

E Points He, and mark where it croſs , ON 

ſes the other Circle as at C. Then MH 1 . 7 

from the Points F and c, ( with the ſame Radius as before) 

deſcribe croſs Arches, as at A, Joyn the Point A F, FN, XC, 

and CB, with Kightclines, and they will form the Pentagon 

required. 

a. AF=FK=KC=CB=—=AB. And the Angles 
at 4, B, C, A, F will be Equal, 


PROBLEM XX. 


IEP 


In any given Circle, To Deſcribe a Regular Pentagon. (II. e. 4 
and 10. e. 3.) 


ur, in General Terms, to Deſcribe any Regular Polygon in a Circle, 


© Draw the Circles Diameter DA, and divide it into ſo many 
equal Parts, as the propoſed Polygor: . C. 
hath Number of Sides; Then make the tn, 
hole Diameter a Radius, and deſcribe 
the Two Arches C A, and C D. If a 
© Kight-line be drawn from the Point c, 
through the Second of thoſe equal Parts 
m the Diameter, as at 2, it will aſſign a 


Point in the oppoſite Semicircle's Peri- NI "5 3:4 I 
Pbery, as at B. Joyn D B with a Right» N : 
line, and it will be the true Side of the N 
Feut. gon required. * 
Q 2 Theſe 
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Theſe Twenty Problems are ſufficient to Exerciſe the young 
Practitioner, and bring his Hand to the A Bp mn, of 2 
Ruler and Compaſſes, wherein I wouldadviſe him to be very Rex 
and ExaQ. | 

Aut to the Reaſon why ſuch Lines muſt be ſo drawn, as diregei 
at each Problem; That, I preſume, will fully and clearly appeu 
from the following Theorems ; and therefore I have (for Bren- 
ties Sake) omitted giving any Demonſtrations of them in this 
Chapter, deſiring the Learner to be fatisfied with the bare Kon- 
ledge of doing them only, until he hath fully conſidered the 
Contents of the next Chapter ; and then I doubt not but all wil 
appear very Plain and Eoſy. | | 


—— 9 
* * 


CHAP, III. 1 

A Colledion of moſt uſeful Theozems in plain Geomty | 
Demonſtrated. i 

. i [ 

Note, Ir order to ſhorter ſeveral of the following Dem- : 
frations, it will be neceſſary to premiſe, That [ 


1. The Periphery (or Circumference) of every Circle (oh. 
ther Great or Small) is ſuppoſed to be Divided into 360 equi! 
Parts, called Degrees; and every one of thoſe Degrees ar 
Divided into 6 equal Parts, called Minutes, &c. 7 


2. All Argles are Meaſured by the Arch of a Circle Deſcribi , 
upon the Argulay Point (ſee Defin. 9. Page 287.) and at - 
eſteemed Greater or Leſs, according to the Number of De MF t 
contained in that Arch. | | a 


3. A Quadrant or Quarter Part of any Circle, is always 9: 
Degrees, being the Meaſure of a Right Angle (De fi. 6. pag. 287 
And a Semicircle is = 389 Dezrees, being the Meaſure of Tu 
Kight Angles. | | 18 


* . 


4+ Equal Arches of a Circle, Or of Equal Circles, Med 
Equal Angles. LOGS | | 


To thoſe Five general Axioms already laid down in pg? 145 
(which I here ſuppoſe the Readar to be very well acquainted will) 
it will be convenient to“ underſtand theſe following, which begIl 
their Number where the other ended. EN 10 


— TIS 
rr 


1 
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Arioms, 


6. Every whole Thing is Greater than its Part, 
That is, the whole Line A B s A | 1 
Greater than its Part Ac &c. EN — 
The ſame is to be underſtood of dupercies and Soi%¹,. 


7. Every whole is Equal to all its Parts taken together. 
That is, the whole Line A B is equal 3 B 
| to its Parts AC+ dee. 0 e 
| Ihe ſame is alſo true in Swperficres and Solids. 


8. Thoſe Things which being Laid one upon another, do 
Agree, Or meet in all their Parts, are equal one to the other, 


Bur the Converſe of this Axiom; to wit, that equal Things 
being laid one upon the other will meet, is only true in Lizes 
and Aygles, but not in Superficies, unleſs they be alike, viz. of 

) the fame Figure or Form; As for inſtance, a Circle may be Equal 

in Area to a Square; but if they are Laid one upon the other, 
"tis plain they cannot ert in all their Parts, becauſe they are 
wilthe Figures. Alſo a Parallelogram, and a Triangle may be 
Equal in their Area's one to another; and both ot them may 
be Equal to a Square; but if they are Laid one upon the other 
© they will not meet in all their Parts, &c. 


© Note, Beſides the Characters already explained in Part 1. 
And in oth-r places of this Tratt, theſe followirg are Added. 


& Viz. J denotes an Angle in general, and & I ſig»ifies 
Auge:; A fignifies a Triangle; Q ſignifies 2 Square; and 
N denotes a Parallelogram, And when an Angle is Denotcd 
by any Three Letters, (as A, B C, Kc.) the middle Letter (As B) 
always Denotes the Angular Point ; and the other Two Letters 
(As AB. and BC) Denote the Lis or Sides of a Triangle 
| which include that Ag/2. | 
Theſe things being premiſe, the young Geometer may proceed 
to the Demonſtrations of the f llowing Theorcars : Wherein he 
= ay perceive an abſolute Neceſlity of being well verſed in ſeveral 
Things that have been already delivered: And alſo it will be very 
| Advantog-ous to ſtore up ſeveral uſeful Corollaries, and Lemma s 
as they become diſcovered Truths ; For it often happens, that a 
1.008 ere cumot be clearly Demonſtrated, à priori, or of it 
Self, without a great deal of Trotble, Therefore it will be 
: Uſeful ro have Recourſe to thoſe Truths that may be aſſiſting in 
: the Demonſtration then in Hand. ea Be: 
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THEOREM I. 


Jf a Rifht-line ſtand upon (or meet with) another Right: in, 
and make Angles with it, they will either be Too Right f. 
&/es, or Two Angles equal to Two Right Angles. (Ig. e. I. 


Demonſtration. 


Suppoſe the Lines to be AB and D c, meeting in tl: 
Point at C; upon C deſcribe any 
Circle at pleaſure. Then will the 
Arch A D be the Meaſure of the I 5, 
and the Arch D B the Meaſure of : 
the Se; but the Arches AD þ 4 — 
DB =— 180% V:z. they compleat 
the Semicircle. 
Conſequently, the < b + Ie = 189%. Which was to be proed 


Corollaries. 
1. Hence it follows, that if the x þ = 92» then Se =9% 


but if h be Obtuſe, then the e will be Acute, Gg. 


From hence it will be eaſy to Conceive, that if ſeveral Rig 
Lines ſtand upon, or meet with any Right-line, at one and the 
fame Point, all the Angles taken together will be = 18 
diz. Two Right Angles. 


THEOR EM II. 
Af Teo Angles Interſect (viz. cut or croſs) each other, the Ins 
| Oppoſite Angles will be Equal. (15. e. 1.) 


Demonſtration. 


Let the Two Lines be A B, and 
D E, Interſecting each other in the 
Center C. 


Then SY + Re= 1955 Ne: Laſt | FH 


Conſequently x b Ce == b + 
. Per Axiom 5. 
Faul. tract 6 on both Sides of 
the Aguation ; and it will leave 
IEA Rd 
Again = b-+ xe = 
Contequently Se C= Se. Sutſiratt . and 
ten C= . Q. E. D. : Coro 
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1809. as before; and e x C<= 16% 


— ti 
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Corollary. 


From hence it's Evident, that if Two Lines Interſect each 
cer, they will make Four Angles, which being taken together, 
will always be E qual to Four Right Amgles. 


THEOREM III. 


If a Right-lines cut (or croſs) Two Parallel Lines, it will make 
the Opponfite Angles equal one to another. (29. e. I. ) 


Suppoſe the Two Lines A B, and H & to be parallel, and 
the Rizht-line D, to cut them both 
at C and 2. Upon the Point C 
(with any Ra dius) deſcribe a S mi- 


dil, and v vith the fame Radius, 4 1 
upon the Poi ict at 2, deſcribe ano- 
ther Semiciri de oppoſite to the Firſt, 77 1 


as in the Fi gure. Then tis plain, 

and I ſuppoſ : very Eaſy to conceive, 
that if the Center C were Moved 
along upcn t he Line D G, until it 
"We came to tha: Cexter at , the two Lines A B, and H A would 
nee t and com cur, 275. become one Line (for Parallel Lines are 
gs it sere hut one broad Line) Conſequently the Two Semi- 
Egircles would! alſo meet, and become one entire Circle, like to 
that in the liſt Demon ſtrat ton. 
And therefor e the y NX A o as before, per 
. Aud d Ke ULoft Theorem. 


Co, ollary. 
Hence it f os, that if Thre, 2, Four, or never ſo many Parallel 


Lies are c vt or croſs'd b ne Riebt-line, all their oppoſite 
pgs will be Equal, CN ON ; 


C THEOR EMIV. 
Th: Three Ain gles of every plain 1 Tiangle, are Equal to Two 


| Right As. ples, (22. S I 
Corſ- Le * 2 5 J . . 
Jequert!'y any Two Angles of any p lain Triangle, muſt needs be 


Leſs thay Id RSO. Angles, (17, . I.) 


$ 
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Demon ſiration. 


Let the A ABC be propoſed; draw the Rieht-lize HA. 1 
Parallel to the Side A B, juſt touching a ; 
the Vertical Angle C ; And upon the F 
fame Angular Point C, deſcribe any Se- H . . 
micircle, and produce the Sides A C, and 
BC do its Periphery. Then will S = 
— vv A Kenn 
c, Per Laſt Theorem. | 
But 3+ < a+x<E x = 180 rr 
Iwo Right Angles. Conſequently RJ B -þ x 4 + Nc 


* 


189% Per Axiom 5. Q. E. D- 


Corollary. 


Hence it follows, that the Two Acute Angles off every Radl. 
argled Triangle, are Equal to a Right Angle or 900. 

Conſequeurly, if one of the Acute Argles be giv tn, the cthet C 
is alſo given; v7z. 90® — the given I leaves the other : 


THEOREM V. 


If one Side of anyplain Triangle, be continued or proc luced beyond 
or out of th: Triav gle ; the outward Angle will aluiays be Epi 
to the Two inward Oppoſite Angles. (32. e. 1.) t. 


Denon ſtration. 
Let the Side A B of the A AB C be produced out of the 4 


ſuppoſe to D, Gc. as in the 17 
Figure, I 4 P 
px 0 for the SSD X. ( 
x = 1829. Per Theorem 1. 4 IN D 


— 


And the BIT ATC 

== 1809 Per Laſt Theorem. 

Therefore  B- Z (BC =x A TS c. Per Axiom 5 

Sul ſtrat < B on both Sides Yae Æquation, and it will lea 

TZ = SAT c. (Per Axiom 2.) . E D. 
Conſequently, the outward Angle (at zx) of any plain Triang's 

muſt needs be greater than either of the inward oppoſite Ai ge 

viz, Greater than I A. or c. (1640-1) 


Corollary. 


Hence it follows, That Tf One Argle of any plain Triangle be 
given, the Sum of the othe&. Two Des is allo given, tor 180% 
the given I = the oth; Two % x. Fheot:": 


— „„ . nt 
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THEOREM VI. 


l» every plain Triangle, Equal Sides ſubtend (viz. are Oppoſite to) 
Equal Angles. (5. e. 1.) 


(ſequently, Equal Angles are Subtended by Sides. (6. e. 1.) 


Demonſtration. 


C 
F Suppoſe the & BCD to be an Iſoſceles A; \ | 
Thar is, let B C CD. Biſect the S, or : 
( which is all one) make CA Perpenditu- : 
lr to BD; then will the < I on each : 4 
Side of it, vir. AAC un ADAC eeemeMehSC 
be Right Angles, 1 


I CTS S oe p 
Therefore 7 VC EDS 099 71 er Corol. to Theorem 4. 


| Conſequently + CSB =; RX C+ D. Per Axiom F. 
Sulſtract: S C from both Sides of the Æquation, and it will 
leave B A D. Per Axiom 2. Q. E. D. 


1 Corollary. 


"WH from hence it follows, that the Three Angles of an Aquila- 
feral Triangle, are Equal one to another. 


THEOREM VII. 


i every plain Triangle, the Longeſt Side ſubtends the gr-ateſt 
Angle. (18. e. 1.) - 
Corſequently, the greateſt Angle of any plain Triangle, is ſus- 

tended 8 the Longeſt Side. 


> This Theorem is evident by Inſpection only; For let one of 
„be Sides of any plain Triangle, as CB, C 


be produced, ſuppoſe to E; joyn DE | 
with 2 Right-line ; Then tis evident, 
„adac becauſe CE is now made longer 5 3 


n than the Side B C, therefore the T, at f * 
ED is become Larger than it was before £ Foal 

by the = B DE; and it's plain, the 3 
Longer the Side C E had been made, 


be the S art D would have been the more 
— {W& folarged, : 


ih | R r | T H E 


— 


— 
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THEOREM VIII. 


Tf the Sides of Two Triangles ave Equal, the Angles Oppoſite 
5 thoſe equal Sides will be Equal, (8. N I.) FF oth: 
The Truth of this Theorem is evident by the Two include! 
Triangles in the 6th Theorem, for they have their reſpective Side; 
Equal, vz. BC=CD, BA = D A, and CA common to both a 
And it is there proved, That the x oppoſite to thoſe Equal 
Sides, are Equal, Sc. which needs no further Proof, | 


Note, The Convcrſe of this Theorem holds not true; for 11, 
Angles of Tuo Triavgles may be equal, and their oppoſite « 
ſubtending Sides unequal, as will appear at Theorem 12. 


Corollary. 4 
Hence it follows, that A A mutually Equilateral, are ali 


mutually Equiangular. And 
That A A mutually Equilateral, ate Equal one to ancthe 


(4, and 26.e. 1.) 
THEOREM Ix. 


An Angle at the Center of any Circle, is always double to the Ang 
at the Periphery, when both the Angles ſtand upon the ſar 
Arch. (20. c. 3.) This Theorem hath three Varieties or (a 


Demonftration, 


Caſe 1. Let the Diameter D A and 
the Line DB, be the T'wo Lines which 
form the < at the Periphery ; Draw 
the Radius B C, then I BCA the 

I at the Center. 
But XBCA == D + SZ. Per 15. ö. 
And becauſe DC == BC, therefore & 
D — I B. Per Theorem 6. Conſe- 
quently  B CA=2RD. 


Caſe 2. Suppoſe the x BC F at 
the Ce-7ter, to be within the BDF 
at the Periphery (as in the Annexed 
's oy.) Draw the Diameter D A. 

hen the BCA = 2X BDA 
And the x FCA —2< FDA $ Percaſe 1. 
Add theſe two A guations together 


Ihen will > BC A += FCA==2<BDA + 2RFDA per Ax, 1. 


Sul. ſiract this laſt Æquation from he 


| Let DA be the Diamerer, and DB 4 
| Radius BC, then is tie <D B A= 


Ke 
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ut: BCAA S FTA S BCF. 
And 2 BDA +2 & FDA S2 BDF. 
Conſequently < BFC=2 < BDF. 


Caſe 3. Again, ſuppoſe the < BC F AY 
at the Center to be out of the < BDF RT . 
at the Periphery. From the Angular 
Point D at the Peri phery, draw the _: ; 
— A. FP W 
Then FCA =2< 1 Bs he 
And SBCA=2-BDA Per Caſe I. 


other, and it will leave | 

<FCA— <BCA=2< FDA —2< BDA Per Axio. 2. 
But < FCA—<BCA=<FCB. And 2FD A=2<BDA= 
2 < FDB. Conſequently < FC BS FDB. Q. E. D. 


Corollary. 


Hence it's evident, That all Augles at the Periphery, which 
ſtand on the ſame Segment or Arch of a Circle, or upon equal 
Arches, are equal one to another. (21. e. 2.) 


THEOREM X. 


An Angle in a Semi- circle, is a Right Angle. (31. e. 3.) 
That is, if the Diameter of any Circle be the Side of a Tangle, 


| aud the Angle oppoſite to that Side be any where in the Circles 
Peri phery, it will be a Right Argle. 


Demonſtration. 


the A, then < B = 92% Draw the 


<D+ <A. 
For <EBD=ciDad<CBA=z 
< A. Per Theorem 6. 


Therefore < DBA=<CBD+< CB 4. Per Axiom 5. 


| hon, Z D BAI-<D EA = 189%. Per Theorem 4. 
; Conſequently < DBA = 90, or a Right Angle. G. E. D. 
K 


1 ; Corals 
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Corollart es. 
1. Hence it will be eaſy to conceive, that an Axgle made in 


; 1 
any Seginent leſs than a Semi- circle, will be Obtuſe or Greater log 
than a Kight Angle, F 

2. And an Angle made in any Seginert greater than a Semi. 25 
circle, muſt conſequently be Acute. and 

THEOREM XI. * 
Ii any Rigbtranglod Triangle, the Square which is made of the BC 

Fypothenuſe, or Side ſubtending the Right Angle, is equalto Wl * 

both the Squares which are made of the Sides including e 

Right Angle. (47. e. 1.) 

There are ſeveral ways of Demonſtrating this Noble ani WF | 
Uſeful Theorem; but I preſume none more eaſy to be underoed Wn 
by a Learner, than that which I ſhall here propoſe ; And in orde: WW": 
thereto, it will be requiſite to premiſe the following Lemma i. | 7 

Lemma 1. 5 

A Right-lize is ſaid to be Multiplied with a Right-lin I. 
when either a Square, or other Right-angled Parallelogram h n 
made of the Two Lines. lt! 
That is, the Area of any Right-argled Parallelegram is equal t) Nc 
the Product of thoſe Numbers which expreſs the /eaſure cf WM .. 
its Sides. ; : s 1 | I 


Thus, if AB == 6 Inches 6 2 3 
And 4 2 3 Inches; ; ar SHES g by 
Then 4 BN AC =6 3 18 FS. E 0 
Square Inches, which is the Area of 3 | [ 


the Farallelogram ABC D. C i 3 9 : 
Lemma 2, $ 
If a RIghi-line be any wiſe Cut into Two Parts, the Su. 
of the whole Line will be Epual to the Squares of each Pat! 1 
_ a . Rectangle or Parallelogram made of both the PAH 0 
4 6. 2. 
That is, if rhe Live S, be cut into the S 2 
I'wo Parts B and C. . 
T hen is $ = B + C but if both the Sides | P 
of the Zquation be Invoieed, it will be $S=BB42BC-+C- s 


Lemm 
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| Lemma 3. 

The Area of every Right-angled Triangle, is half the Paral- 

-logram made of its Baſe and Perpendicular. . . . | 
For BC = the Area of the whole Paral- b 4 


logram, by the Firſt Lemma. And AB CH © 
+ 7 bc H = the Parallelogram; But B , ES 
and C c. ae 
Therefore 3 B C= the Area of cach & viz. BC Ac BC. 
Theſe Things being premiſed, let us ſuppoſe, the Triangle 
LBC Hrto be a Right-angled Triangle, Fiz. the Side C perpendi- 
cular to the Side B. Then will BBcc + = HH. 


Demonſtration. 
| Make a Square whoſe Side 
tr = B C, and draw the 


[TTLLL eee oe” 
included Square whoſe Side :C b a . K | 
| Þ — H, as 1n the Scheme. 2 — 75 5 
Ihen will the Area of the great 25 2 


* be equal to the Area 
ot the Four Triangles + HH, 4 


bit the Area of each A = 4 b \ H : 
BC Per Lemma 3. Therefore + „ CC b 
tie 4 1 2 1 BC * 4 2 BC. 1 5 


Conſequently, the Area of the 


» 
"i 
” 
* 
151111 


66 „ 9 „„ 
* 


AQ 


great Square is FH + 2 BC. v : w" E 
| role B + C, and it will : #3 + 
be BB + 2BC + CC = the : : 
| Area of the great Squar &. — | 


Ter Lemma 2. 


3 ; 
| Conſequently HH ＋ 2BC — BB L 2BC + Cc. Per Axiom 5. 


| Subſtra& 2BC from both Sides of the Aquation, and there will 
| Kemain FIH — BB + CC. 


: To 7lluftrate this Th:orem by Numbers; Let us 

duppoſe C — 3. B =- . and H — 5 
hen will CC — 9. RS = 16; and HH — 25. 

Conſequently, B B TCC SHH = 16 ++ 9 = 25+ 


Conſectary. 


From this admirable Theorem (ſaid to be Firſt invented | y 
Pythagoras) is deduced the Method of Adding, and Subſtracttng 
Suare g, Farallelogtams, Circles, &c. 


THE O- 


Pomon⸗ 
7 | 
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THEOREM XII. 


In any Right-angled Triangle, a Perpendicular being let fail fron 
the Right Angle upon the Hypothenuſe, will divide the Triarg) 
7:to Two Right-angled Triangles, which will be both Similar o- 
alike to the 275 Triangle, and to each other. (8. e. 6.) 


Note, All plain Triangles are ſaid to be Similar, viz. Ali., 
when each Single Angle in one of the Triangles, is equal to each 
Single Angle of the other; but if any Two B. Angles of one 
Triangle, are equal to Two Single Argles of the other; the third 
Angle will be equal. Per Theorem 4. 


1. In the Right-angled A BAC, 
Let AP be ſuppoſed Perpendicular 
to the Hypothenuſe B C, Then < 
BA PÞP= <C: 

For <B AP + < B = 90%. 

And - < B-*& C== 909. -rer 

| Corollary to Th eorem | 
Therefore < B AP =<< C. Per Axiom 5. 

Again, < P AC+ <C = 909%. and < + < CB= 99, 
Therefore PAC = < E, &. Conſequently the A BAE 
is alike to the AAPC; And each is alike to the whole A 
B AC. | 

2. Or if a Right-line be drawn Parallel to one of the Sides 
of any plain Triangle (viz. with- 


in it) it will cut off a Triazgle 4) 
Similar or alike to the whole i. 
angle. Thus, N 

in the A A B D, draw the SA 3 BD 
Right-line,n Parallel to the Side . N 
AB ; Then will the Included 4 — 


A aDb, be like the A ADB. For A4 E A, and 5 
— B. Per Theorem 3. and < D is common to both the 
Triangles ; Ergo, &c. | 


THEOREM XIII. 


If Tino Triavgles are alike, their like Sides will be Proportional 


That is, thoſe Sides which ſubtend the equal Angles, 4s 5 
thoſe Sides which are about the equal Augles, will be ae py 
al to each other; And conſequently, if any Two Pi L 1 
their Sides Proportional, their Angles are equal. (4, 5, C 7: © © 


ms tn O'Q Te, © St © ©» 
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| line: Let the Sides B P and CP 4 ] 
| be continu'd until they meet in : 


| grains by drawing the Parallel 


* 


Demonktra tion. 


Let the Similar Triangles in the Scheme of the laſt Theorem 
be here propos d again. 


Then it will be P: 4 P:: AP: CP. According to this 


| Theorem. Ergo BP CP = APN AP. 


Demonſtration, 
Let us ſuppoſe the aforeſaid Right-argled A B AC, cut 


| through the Perpendicular A P, 


and there open d until the Sides 
B 4 and C A become one Right- 


E: Then compleat the Parallolo- 


Lines GLC, HA, GHB, and B e 
LAP, as in the Figure. 


P 
Then it's evident, that the A BH A= AB y A, and the 


| becauſe all their reſpective Sides are Equal. 7 


But the ABHA-EACLA+RAGLA=ABPA 
+A4CPA+DAPEP. Nou, if from both Sides of this 
Equation there be ſubſtrafted the equal A A, there will Remazx 
SHGCGLA—=DOAPEP. 

But HGLA=BPxCP, and D APEP= AP x AP. 


n B P: AP: :: 472: C. Which was to be 
roy 


Or otherwiſe, thus: 
Suppoſe the A BAC to be | 
Higbt-angled at 4, upon the 
< Point C with the Radius 
C 4, deſcribe a Circle, and con- 
ume the Hypothenuſe BC to 
2; join Z 4 and 4 D with 
Kight Lines; then will the 4 
50 be like to the HBZ 4. 4 
For < DAB T < BAC = 959. By Cor ſtructiou. 
And Z ACE DAC= 90. By Th-orem ko. 
Therefore DA T K DAC EZ AC4< DAC. By Ax. 5. 
Hel ftract < D 4 Cfrom both Sides of the Aguation, and there 
will Kemain < D 4B ==<<EAC But ZK => I. 


By 
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By Theorem 6. And < B is common to both 4, Z. 
Therefore < BD A=<B AZ. By Theorem 4 
Conſequently A BAD is like to A BZ A. 


WF, BA—b) Then bee — þ h, by Theor, 13. 
Let the Sides <4 BC — hp < Conſequently þ þ — ee. 
CA =c (Which gives the following Analogy, 
Viz. Y: -c::h—c:b. That is, BA:BZ::BD:B4 
Q. E. D. 


Corollaries. 


1. Hence its evident, that in any Right-Angled Triangle, 
2 Perpendicular being let fall from the Kight Angle upon the 
Hypothenuſe, will be a mean Proportional between the Se gine ni. 


of the Hypothenuſe. That is, BP: PA:: P A: PC. 


2. The Baſe (B A) is a nean Pro- 4 
Portional between the Hypothenuſe ena +. 
(BC) and that Segment of the Hypo- 
thenuſe next to the Baſe, (viz. B P.) 
That is, B C: B A::B A:BP. 


3. The Cathetus (CAC ) is a mean B 5 
Proportional between the Hypothennſe (BC) and that Segment 
of the Hypothenuſe next to the Carthetus, (viz. PC.) Thi 
a SC: AC:: AC; PC 


Scholium. 


have been more Large upon this moſt excellent Th2orem, in 
giving a double Demon ſtration of it, becauſe it is ſo Univerſaly 
uſeful in all Parts of the Mathematics: For the Buſineſß df 
Triganometry (both plain and Spherical) wholly depends upon 
it; and therefore one may truly ſay, that Aſtronomy, Dialing, 
Navigation, Surveying, Opticks, &c. depend upon a due Apply 
cation of it. 

And of its Uſe in Geometry, Des Cartes takes particular Notice, 
a8 2 may find in Dr. Pell s Algebra, Page 65, whoſe Words ars 
theſe, 

Des Cartes, in a Letter not yet printed, writes thus: I. 
«© ſearching the Solution of Geometrical Queſtions, I always 
„ make Uſe of Lines Parallel and Perpendicular, as much ® 
is poſſible, ( He means asmany Lines as are uſeful) and I coir 
« ſider no other Theorems but theſe Two, [the Sides of lile 
« Triangles have like Proportion]. And [Ii Rectangle Tias, 


i 
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« the Sqrare of the greateſt Side is cqual to the Squares of the tt0 
EK other Sides. ] And I am not afraid to ſuppoſe many unknown 
& Quantities, that I may reduce the propos'd Queſtion to ſuch 
„ Terms, as to depend on no cther Theorems but theſe 
„ '] wo. 

This I thought convenient to inſert, that the young Learner 
may ſee how the Great Des Cartcs eſteem'd theſe Iwo Theorems, 
217, the laſt, and Theorem 11. for, in Truth, all the precedent 
Thcorems are only (as it were) Preparatives to theſe Two. 


This laſt Theorem Demonſirates the Reaſon of the Method 
uſed in finding out proportionet Lines, as in the 'I hree following 


Er ob.ems. 
FROBLEM-L 


IJ. Right Lines being given, to find 4 Third Line in Proportion 
A tem, (1 I, E's 6.) 0 


. 4A] — —2 
Let the two Lines be 1 — F 


* 


et the Two given Lincs at 


any Angle in the Point A, and hy 

produce the Line AB to C, I bY — 

making BCE = AD; join 4 % 
| 3 


he Points B D with a Right 
ine, and draw CF Parallel 

o BD; then will the A_ ABD be like the A ACF. 

herefore AB: B C (SAID) n AD: DF, which is the third 
portional requir'd. 


FAOBLENM-U 


| 120 right Lines being given, to find a Mean proportional Link 
viitocen them, (13.6. 6.) 


e, 
rs 
Let t 1e . . B re — A 

1 he given Liaes be p = 2 . 

* >, Ws . "WM 8 Fs ol . .” 
* join the Two given Lines i nto one, „ „ * 
** make B 62 B P+ 1 aud : 200 | * 
l pon BC, as Diameter, deſcribe a ͤð k—— 2 8 


emicircle; then upon the Point 
4 where the Two Lines meet, 


Sl EreQ 


- 


> Ro 
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Erect a Perpendicular to touch the Circles Peripher), as Pa, 
and it will be the Mean Proportional requir'd. 
Fa. A:: AFFC VB 
By tins Froblem it is caſy to conceive how to make a $41; MW e:: 
equal to any given /araile/ogram, (14. e. 6.) 0% 
For if BP te the Lengib, and PC the Breadth of the given WW (- 
Parallelogram, then will AP be the Side of the Square, equi 
in Area to that Pa-al,clogr am. 


PROBLEM HI. 


The Right Lines leing giden, to find & Fourth prefortina 


Linc, (i 2.6.6.) *. 
4 F 
Suppoſe the tliree Lines 3 ow | 
| ; i 

upon the longeſt Line AB ſet 


off the next longeſt Line A D, 
vi2, make DB=AB— AD; 
then upon the Point D ſet 
the other Line DC at any Angle, eicher Night or oblique, and 
' draw-the Right Line AC, continuing it a ſufficient Length; Wl / 
make B. parallel to DC, and it will be the Fourth Fropurtins : 
requir'd. That is, A D: DC:: AR: BF. 4 
THE O'R-E- M MV. 

# any Angle of a ain Triangle be Biſſctted (viz. Divided mW U 
Two equal Anzles) with 4 Right Line, (viz. as CA is ſift 
to do the Angle BCD it will cut the of fofite Side (viz BU) 1 
in Proportion to the other Two Sides of the Triangle (3. c. C. 


Demonftratton. 

Produce the Side DC, until 27 , 
CZ=CB; join the Points Z R #* 0 
with a Night Line, and draw the : = 
Line F C parallel to B D. / 
Then will A CZ FE, be like " 


to A DCA. 

For LZCF— LD and LZ 
is common to both As, conſe- 
quently, LZFC=LCAD and 
FCA. 
Therefore B (FC): BC(=ZC) :: AD;CD: 


be 
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THEOREM XV. 

if Two Right Lines Chowſocver &rawn ) within a Circle, do cut 
|... other, the Reflangle made of the Segments or Parts) of the 
% Line, will be Equal to the Rectangle made of the Segments 


F That is, if Two Lines, as 4B and CD, do cut each other in 
any Point, as at x, then will Ax x BH = Xx C. 


Demonſtration. ee 
loin the Points AC and B D - — 


with Right Lines; then will the „„ 
Cr Abe like to the A B x D. : — 5 8 
Tor LB C, and LA= LD. A 5 
: by Corollary to Theorem 9. 

And LAxC= LB x D. By Theor. 2. 
{herefore it will be Av: Dæx:: CW: Bu. By Theorem 13. 
Cenſcquently, Ax xXBx=DxxCr. Q. E. D. 


THEOREM XVI. 

If 120 right Lines are ſo drawn within a Circle, as being con- 
tid they will meet in @ Point ont of the Circles Periphery, the 
Finale made of one whole Line, and its Fart out of the Circle, 
le Equal io the Rectangle of the other whoic Line, and us 
Fart out of the Circle, (36, 37, e. 3.) 


That is, if the Lines A Cand 


. 
* «* 
LEE E EE. 


E be continued unto the „ 2 

Pl 5157 2; a 2 

e will AZ CZ DZ NBZ. Arr * *. 

: 1 
Demonſtration, F 4 


Draw the Lines AB and CD; „ 
then will A CZ D be like to D 

the AB Z A, for LA=LD, 

2 LZ is common to both AA. Conſequently, 

LABZEz LDCZ. By Theorum 4. 

Inetefotre AZ B Z:: DZ: CZ. Ergo, AZ x CZED Z x MZ, 


THEOREM XVI. 

If from any Angle of a plain Triangle inſcrib'din à Circle, there 

le ict fall a Perpendicular = the of pate Side; as (DP) 
| | Sin - 


A. 


8 P tit at. * FY 
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i i... — 


— — 


as that Perpendicular i is in Proportion to one of the Sides inc 
ding the Angle, fo is the other Side including the Angle 10 f 
Diancter of the Circle. 


Demonſtration. 


Let BCD be the proposd A. 
From the Lat D draw the D175 
meter D A; then will Lf = LB, 
becauſe they both ſtand upon the n 
Arch D C, and LDCA — 99% By 
T beorem 10. Conſequently the 
LADC=LBDPF. By Theorem 4. 
Therefore A DCA ag like to the 
AD 4 * and there: ore, h 
DP: D B:i:DG: DA: Or, DP: DC:: PB: DA. Q. E. D 


THE OR E M XVII. 


If any Qualrangle (that is, a Crapezinn) be In ſcribd with 
a Circic; the Trede r po e A Angles taken tooother are Equal nts 
X:7ht Angles, viz. 180. (22. e. 3. 
That is, in the Quarangle AB CD, the LA + (C=. 
And the LB+ LE=1SS*. 


Demonſtration, 


Draw the Two Diagonale AC, and 
BD; then will the LED A. LBCA, 
and the LABC= LB AC. 

By Cirol. to Theorem q. 

But LA C+ LB CA+ LE, A C—180*®. 
By Theorem 4. 

Aid the LBD A+LEDC=L ADC. Therefore fit 
LABCS LA DC 185". 

And by the ſame Way of Arguing it may | be prov'd, tit 

the LBA D- LB GD=i80*. Q. E.D 14 


THEOREM XIX. | a: 


i in A N Ouadr angle In ſcrib d within a Circls, there be Dr at b 
7:30 Digcenah, as AC aud BD, the Redlangle made of the I 
ia. oel will be Equal to Goth the Retlang/es made of the fn 

ie Sides of the Quadrangle, | P 


Th t is Anm en AD RBC. 
at is, + _—_— 
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cap 


Ocmontlration. 


Make the Arch D G Arch BC, and from the Points 
46 draw the Line A J, and ic 
vill form the A Af D, like to the 

A ABC. For the Lf AD= LBA, 
recauſe the Arches D G and BC are 
PEqual. | | 
| . the LFD AS LB CA, be- 
cauſe they both ſtand upon the Arch AB. 
WW Conſequently, the LAfD = LABC. 
WW by Theorem 4. 
therefore it will be AC:BC:: AD: Df. By Theorem 13. 
RM BCXAD 5 f 
- MT hls} 


Again, the A BAf, and AAC, are alike, For LAB f= 
Ap, and CA LC AD, becauſe the Lf A D LBA C. 
And the LCA is common to both As. Conſequently, 
the ATB LAL C. 885 

Therefore AC: CD:: AB: B f. By Theorem 13. 

„ CDx AB 
J [79 1 a” — Bf. But D | — B f = B D. 

E Conſequently, B CX AD CDX AB=BD x AC. 


"© 
THEOREM XX. 


A Porallelograzs (whether Right or Oblique-angled) that fland 
Eon the ſome Baſe, or upon Equai Baſes, and betwiæt the ſame 
| £urallels, are Equal to one another, (35 and 36. c. 1.) 


„„ 


That is, g AB CD SC 4 CD. 


Demonttration. 
Becauſe AB=CD— 4b, by Suppoſition ; therefore 


ABU for Ba is common to 
both. And becauſe AC BD, A_B 4 b 
and the LA—LB, therefore the : 
a ACa=zABDb; and if from 
both As there be taken the A B x 4 
common to both, there will remain 


the Trapegiums AE & CSA b D, C. D 8 
Per Axton 5. , \ . Bag d 


file 


gn 


3:3 Elements ot Geometry. Part In 
Eu T- up aim ABxC+ ACrD=© ABCD. 7M 
And rater abeD+ ACD NC. 

Conſcquently, ABC DS NH¶α CL. Q. F. 


Corollary. 


Hence it will be eaſy to conceive, that all Triangles whit 
ſtand upon the fame Beſe, or upon Equal Ba ſcs, and betwer, 
the ſane Parallels, (viz. having the fare FHlei hh) are Equl 
one to another, (37 and 38 e. 1.) ; 

For all Triangles are the Halves of their Circumſcriliy 
Paraliclo:rams ; and therefore, if the Wholes be Equal, the: 


Halves will alſo be Equal, 
THEOREM XXI. 


Paraſlelograms (and conſequently Triangles ) which ham f 


fame He bib, hade the ſame Priportion one 10 another as thi 
Baſcs have. (I. c. G.) N 


Demonttration. 


Draw AF Parallel to BG, and r 
draw AB, CD, FG Perpendiculars to 4 
them. o * 

Then will BD « ABS πι AR CD. 
And becauſe CD = AB, therefore f Y 
DG xX AB = a CGCDFG. But B - — 
BD:DG::BDx AB:DGx AB. 2 
And conſequently A ABD: A CDG::BD:DG, &c. 


THEOREM XI 


QED 


Lice Triangles are in D:piicate Ratis to that of their homologu" 
Sides, (19. C's 6.) 


That is, The Area's of like Triangles are in Proportion of 
to another, as are the S7:ug7cs of their like Sides, 


Demonſtration, 


Suppoſe the A BCD 
and A bed to be alike, 
and their like Sides to be. : 
thoſe mark'd with the fame D d 
Letters. 


J Ty 


— — r n —_— — — di 
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Le. A and / be Perpendiculurs 8 the Two Bajes L and d. 
Then LA g= the Arca of A BCD? : 
And z da = the Arcaot Ab cd By Lemma 3* Fae 303. 


— 


Kull : 5 41 J. By Thewrew 13. 
Conſeq. 3 D: d:: A: 4 
2 3 4D = AA 
«x; Pd[5|+DDda=$Ddd A. By Aviom 3. 
is, hence [GIDD : dd :: F DA : 5 da. And ſo for other Sides. 


— Q. E. D. 
THEOREM XXIII. 


In rvery Obtuſc-angled Triangle, (as BCD) the Square of the 
Side ſubtending the Obtuſe Angle (as D) is vreater then the 
Safes of the other Two Sides CB and C by a deuble Retianele 
vac of one of the Sides (as B) and the Scrment or Part af 
that Side produc'd, (as 4) until itt meet with the Zerpendicular 
(P) let fall upon it, (12. c. 2.) 


That is, DD=BB4(C+ 2B a. 


10 


—_ Demonſtration. 
Firſt} 1; DD = PP + ＋ 2 Ba + BB 
And 2|CC=PP+ 44 i 
WW: — 2|3!/DD—CC=2Ba + BB b 
0 4 DDS BBA CC+ 2Ba : 


bs + CC 


| Hence it's evident, that if the Sides of any Obt»ſc-angled 
Triangle are given, the Segment (a) of the Side 5 6 
* Ferpondicular (P) may be eaſily found. 


THEOREM XXIV. 


| If a Perpendicular Cas P) be let fall in any Acutc-enzled 
2 le, (as BCD) the Square of either of the Two Sides (as D) 
n Leſs than the Squares of the other Side, and that Side upon 
lich the Perpendicular falls (viz. C and B) ly a dnible Rett- 
angle made of the Side B, and that Segment or Fart of it (viz. 4) 
(<9%eb lies next 10 the Side C. (13. c. 2.) 


That is, DD + 2Ba==BB + CC. 
Demon. 
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Demonttration. 
Firſt j 1, DDS PPT 
And 2 IPN $ By Theo. 11. 
But] 3|B-—a —c by Figure. 
„ & 24 BB — 24 ＋ 44 g ce 
4 — 4 45 BB — 2 Ba ce — 44 
1 — 216] DD—CC=ce—az 
5, 6\7|DD—CC=BB—2Beo 
7 . {8IDD+2Ba=BB-þCC 
Corollary. 


Hence it follows, that if the Sides of any Acnte-anzled Tri 
engle be known, the Perpendicular (N) and the Segments of the 
Side whereon it falls, (viz. 4. .) may be eaſily found. 


«tt. 


— 


SHA N. 


The Solution of ſeveral Eaſy Pꝛoblems in Plain Gion 
try, whereby the Learner may (in Part) perceive the Apple 
cation, or Uſe of the foregoing Theorems. 


Note, When a 7 :ne, or the Side of any plain Triangle, is an) 
ay Cut into Two (or more) Parts, cither by a perpendicular Ling 
let fall ipon it, or otherwije, thoſe Parts are uſually call'd Sy: 
ments; and ſo much as one of thoſe Parts is Longer than the other, 
$3 calF'd the Difference of the Segments. - 

And when any Side of a Triangle, or any Segmeni of its Side u 
£ven, it ic uſually mark'd with 4 ſmall Line croſs it, thus —_ 
and thoſe Sides, or Parts of Sides, that are ſought, are mark d wi 
four Points, thus —— 


PROBLEM I. 


70 Cit or Divide a given Right Line (as O into Extream 411 
Mean Proportion, (II. e. 2.) 


Hat is, to Divide a Line ſo, that the Square of the great” 
Segment (or Part) a, may be Equal to the Rectangle made 
of the whole Line S, and the Leſſer Segment e. 


Fig. 1. S da, by the Problem. 
Andi2S— a e, for Sartre 


—— — __ 
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32 


Of Reſolving Pꝛoblems. 


| | EZ — 
I- & 35 e 
aa ; 
2 and 34 * S— 4. By Axiom 5, 
4 * SFA = SS - Sa 
5 + S S SS | 
| & Solved [7] 4=v/ SS+Z3$SS:3S. See Pages 195, 195. 


hg — 


Then 


dg — 42 


5 — dd 
6 = 24 


ut. 


Or 


2. Then will either Part of the 
Diameter, on each End of the Side S, be 
ment ſought. 


Ergo, aa + Sa = SS. 


OS 0 . 


| 


ä 


bl=14 


Note, The Laſt Problem cannot be truly anſwer'd by Numbers; 
© ut Geometrically it may be perform d thus. 


| 1. Make a Square, whoſe Side is & the given Line, and 
Biſſect one of its Sides in the Mid- 
dle, as at C; upon the Point C 
deſcribe ſuch a Scmiircſe, as will Fl 
paſs through the Remorcſt Points 4 

the Sqrareand compleat its Diameter. f 


— 363% „ 


. the greater, 


But 2 ＋ S: S:: S4. By Theorem 13. 
Which was to be done. 


PROBLEM IL 


| The Baſe of any Right-angled Triangle, and the Difference 
[teen the Hypothenuſe and Cathetus being given, to find the 
Cuthetus, 8c, 


Let 1 
And 


b = 72 
4 = 32 
4 = Cathetus ſought 


bt aa= Ad 2da+ 424 
By Theor. 11. 
244 
14 
-d 


8 1 
24 


- „ ene a> 


2da 


0 * 
. 
* * 4 
* * 
9. * 
. ” os 
* Ti - 
2 . a* 
— lg —— 2 a — — 


=65 
| | 6 


b : 4+ 24::d:b. By Theorem 13. 
bb =4d + 244. As before at the 5th Step. 


Tt 


— | — — a — — 
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Here you ſee, that either Way Raiſcs the ſame A uẽ; 2 
neither is there any conſtant Method or Road to be obſerv'd i- 
Selvins Geometrical Problems, but every one makes Uſe of ſug 
Ways and Theorems as happen to come farſt into their Min ' 
the Reſult being every Way the ſame. 


PROBLEM Ul. 1 * 
The Difference between the Baſe and Hypothennſe of any Nit. 


angled Triangle, and the Difference Letween the Cathetvs an! 
Hpothenuſe being both given, 10 find the Triangle. 


Let 2 [1]4= 32 


2 X—2 


And}3 4 + x + 2=the Hypot. 
Then? 14. $by the Prob. 


5 KAD 


. 


—— — — — — R——_— 


4 O26 dd 2da + aa =yy . 
5 G. 2]7|xx + 2x4 + a4—fe 

3 S 28 dd I 2dx-t 2d 2ra+xx+aa x0 Hypotbeni; 

6 + 71% dd + 24a + 2x4 + xx + 248 =yy + te | 


The Two laſt Steps are Equal; by Theorem 11. Conſequenth, 
if thoſe Things that are Equal in both be taken away, the 
Remainders will be Equal. By Axiom 2. 


That is, | 10 | 42 = ade = 1609. 

10 w 2]I11|a=y 2A 40 

x + 1112 d i = The Baſe. 

2 + 11] 13] r + a4=65=e The Celbetus. 
I+2+11'141 d+ x+&e=97 The Hypothenuſc. 


PROBLEM IV. 


The N e and the Sum of the other Two Sides 0 4! , 
Right-angled Triangle being given, Thence 10 find the Sides. 


1 
Let IH = ey 5 s 
And 214 + e =S 137 | . e 8. 
By Fig. 3 aa + cc= HH © e_ T 
2 G. 244 ＋ 24e +ee=SS e 
4 — 3]5|2ac=SS— HH | 
3 — I 21H58 — 
6 u 27 


i Ms Oo 


* 


—_ 
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2 1 718 24 = N 2HH—SS= 144. 
b . _S+v2HiI—SS_ 


IB - 2| 97 7 72 The Baſe requir'd. f 
fn 7 3 N | | 
| S - H- 

Pe” 911072 — —=65 The Catbelus 


— „ 
. 


. PROBLEM v. 


The Infos henuſc, and the Difference of the ohr Tees Sides of 


5 Right-angled Triangle being given, in fiat the Sides, 


Let 115 97 As before. 
End 22 —e=dT=7 Quere a, 

By Fig.] 3a + cc hh 

2 422 — 226 T = A. 

3 — 452 = hh dd 
3 T 5 64 ＋ 28 ＋ ee = 2 — l 
# 1 w 21 7 4a +e=YV2bbh—dl 

| + 7 8| 24 =d + V 2bb dd 144 
0 = . Pe 
7 — 2110 20 = hh — dd: — d 2230 

| = 21 1tle=65. 

3 


PROBLEM VI. 
E In any Ni bt- angled Triangle, cithcr the Baſe, or Cathetus, aud 
Alicraate Segment of the Hyfothennſe (made Ly a Ferpene 
ar [ct fall from the Right Angle) being given, to find the 


3 oO © 
Wi Scoment. 
i, 


Let 1 147843 The Cathetus ee 


an) And] 2{b==48 * The alternate Seg. 


— 


then Z]b:e::c:4 Quere 4 
5 | 4[b4=cc 
| gain] Sec See By T heor. 11. 
15 5 614 2446 
— 44 


| 7A + ba e 
6s aa + ba + 3, =cc + Ub 
« 2] g[a + $b=wvc + bb 

ie 


Le: A2 And ſoon far e, Cc. 
T « 2 IF I thall 


l———— 
a 


7 


— Inner 


324 Elements of Geometry. Part Ii Ch 


] hall now ſhew the Geometrical Conflruftion, or Solution of 
the Three Caſes of Ouadratick A quations, promis d in Page 202 MW Pur 
Let the firſt Fxample be that above, viz. aa + ba = cc. Caſe 1, 

Make the Ce-rfficrent h, and the Root of the Reſolvend, (which 


is here) c, into a Right- angled 


Parallelogram. * 2 $ „ „„ ae be. * 

And upon the middle Point of * N 
the Side = b deſcribe ſuch a 1 „ 
Semi- circle, as will paſs through „ 5 7 has 

the Remoteſt Prints (or Angles?) of I 4 a: - 


the Parallelogram, compleating its 
Diameter, as in the annexed Scheme, Then will either Part d 


the Drameter on each End b, be Equal to a, the other Part wil 1 
be 2 ＋ , and the Side will be a Mean Proportional between 
ö per 
them. That is, 2 b: :: 2. By Theorem 13. 
Conſequently aa & la cc. Which was to be done. 4 
PROBLEM VIL 7 


The Difference between the Baſe and Cathetus of any Ni 5, 
angled Triangle, and the Perpendicular let fall from the Ki 
Angle pon the Hypothenuſe, being given; Thence to find i / 


H. polhenuſe, &c. 8 - 
* | 9 
Let 1 | 1=215 TheDrfer, of the Sis. 2 10 
And 2 7 2 36 2 * It: 
Quere 44 3]. The H potbenu ſe. =” . 
4 „Se ee a 42 ma 
Again] 6{dd-þ ade + 2c S4. By Theorem 11. Fry 
5 X 2] 7j 2dr ce 25 | Sag 
6 — 718 ad = aa — 20 Caſe 2. | = 
8 CO] 9|aa—2pa+ff =id + fp=1527. 1 
9 ww i der 2 -f , d p = 39 © per 
10 TT. IIIA Nd f 75, &c. for e. per Step. 5. . 


The Geometrical Conftruttion of this Caſe 2. viz. aa—2f4=% WM Li, 
may be perform'd in the very cannon nn, 

fame Manner as the Laft Ca je 
was; that is, by making a 
Right-angled Parallelagram of 
the Co- efficient 2 p, and the 

v dd, wiz. d, Cc, as in the . 
Annexed Figure, | 
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Then will the Greater Part of the Diameter to one End of the 
Pirallelozram be = 4, and the Leſſer Part will be a — 2p. 
For 4: d::d: 4 — 2. By Theorem 4 
Conſcquently, 44 — 2pa= dd, Which was to be done. 


PROBLEM VIII. 

' The H pot henwſe of any Right-anvicd Triangle, and the Perpen- 
Jicular let fall from the Rivht Angle upon the Hrpothenuſe, being 

eien, To find the Greater Sagment of the Hypothenuſe, 8c. 

Let] 1]Þþ=75 The Hypothennſe 

þ = 30 


3— . ET / 
ha — 47 75 Caſe 3. 


Bao 91 44 — ha —=—/ 

0 CO] - A =. = 110, 25 
10 w 2] 11] 4—Sh=y Lhb—þ=10,5 
114255112 4 Ab VA = 48. Or 4 —= 27 


— 


The Geometrical Conſtruction of Caſe 3. vis. ha —aa , 
may be thus perform'd. Draw a 


ight Line (of any convenient Length „ a 
a Pleaſure) and near its Middle 5 l 
| Ercet a Perpendicular — f, viz. of Ip 2 
me ſame Length with the Root of the ; - 2 
. 8 2 Va C 4 - 
#cjolvend. From the Top Point or up- *> tt”, 
per End of that Perpendicular, ſet off OTIS. „ 


Half the Length of the C-cffcient, 
vid. 3h, and upon the Point where th juſt touches the Firft 
Line (with the ſame Diſtancc) deſcribe a Smi-circle; then 
| will its Diameter h be cut by the Perpendicular p into Two 

9:2ments, which are the Two Valves of the Root 4, viz. the 
Creater and Leſſer Roots, both taken together being always 
£q:al to the Co-efficient, (vide Page 201.) 

For — 4 93291 by 3 13. 

Ergo ha — 44 p. Which was to be done. 


PROBLEM 


> 


— s — « 
wag 1 5 " 
— — 5 — 5 * — ® = - * -— = 
A, — — 2 b 8 — 1 . — & * — _ 
— _ — * I. 4 — 3 — — 
9 — - 
— — -2 — — Jes 
—— — — * . 7 * — . . 2 
— - : wn + — — — —_ l 
q -—_ 2 = a — - — — — — 7 _ 4 
— - = ” * w — — 
4 = * —— — Ci ” — < 
+ —_ - > —_ — \ * 23 — - — 
T l 0 — — 5 S 
= * * a 


bas * 4 * — 
— Co az AAS 
Q * . 7 
gw Sar x _—_—_ N "ns * 2 4 4 
— Y - — * ** I IT F 
—_— —_— - 
2 9 wa 4 - F * 
- — 22 
4 1 1 2 OS — 
- 2 n 


py ² ꝙ 111727; oen_—_ oo __— 
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PROBLEM IX. 


The Perimeter, viz. the Sum 4 all the Three Sides of any Nich. 
angled Triangle, and its Area being given, Thence to find cas 


Side. 


O 


— 
O 


11 
12 
13 
14 


15 
16 


J = 


4a Te T= = 234 The Sm of the Sides. 


74e A The Arca —= 24 


aa + ce =yy By Figure 

24c =4 A 

aa + 220 + e = +44 
a+ e=Si—y 

aa ＋ 246 + Ee = 2 + yy 
y+44=s—2y+y 
25y=45—4A= 45390 


= 44 
rs = = 1 — = 97 The Hypothenuſe 


a+ em5—J=137 
All — 240 + eemyy 44 = 49 
4— 22 9887 


24 =137 T 7 = 144 


= 72 The Baſe. 
e=137 —72=65 The Cathctus, 


—_— — —— 


N k. 


In any Right-angled Triangle a Perpendicular being Lt ſall 
from the Right Angle upon the Hypothenwſe, if the Sum of cath 
Scement, when added to its Adjacent or next Side, be given, 
Thence to find each Side, and the Segmenis. 


. 


MD 


12 


a ＋ —$5108 
ET y=Z=72 
2, c, u, y, and 


— — — — 


— — 


2212 

1 = $5 — 254 + 42 

un — 44 = $S— 24 = fþ 
. 

an — 22 Þ ec ==)Y 

22 — 2 = py = ee =fÞ 
22 — 22 — $5 — 254 

4 2 % © 

ac =fÞ 


RE == $5 ws 20S 


9 


12 + 8 


Part It hay 


——— 
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1 


ö | 
1 * 25 
| 
9 T 4 
15 X #8 
fo * 


— ö 


17 — 26 


Al /litute 


SS — 25 
2 —_— 


— 


a 


2255 — 4754 
2260 == 5 — 


| 2854 — 42724 
22 - — 258 + 4 
; 4 


224 =554 — 2148 ＋ 22 — 424 
2544 ＋ 224 ＋ 4754 — $54 = 2255 


224 
an + * 22 — 4 = 3s 


ZZ 


aa + 2x43<25 = 7776 

aa + 2xa ＋ Xx x = 11925 
aFTX=V2s+xx=105 

8=V x5 xx:—Xx=48 

u=60= The Ba ſc. 


ISS 2 
Of === — — 222 
a # 


y==45= the Cathetys. 
E + e=75 = the Hypothenyſe. 


PROBLEM Xl. 


De Diffcrence of the Sides of any Oblique-angled plain Triangle, 
the Difference of the Segments of the Baſe, and the Difference 
letrween the Greater Side, and the Baſe, being given, To find the 


baſe, &c. 

I 
Lerf 2 
3 

And] 4 
Then! 5 
And} 6 
7 

8 

9 

IO 

11 


3 


d= the Difference of the Sides = 405. 

b= the Difference of the Segments = 495 

x =165 the Ditfer. of the Greater Side and Baſe, 

2 = the Leaſt Side 

4 + 2+ x = the Baſe 

d AT: dr 24: : db 
By Theorem 16. 

db+ba+bx=dd+24a 

2da—ba=db+bw—dd 

db bx - dd 


— —— ß —— —— “̃ — —— 


EF a = 780 S the Greateſt Side. 


4 


d+ a+ xy=945=the Baſe. 
N 3 PROBLEM 
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E part Ill Ch: 
PROBLEM XII. Vert 
And 


The Difference of the Sides of any plain Triangle; the Differen;, 
of the Segmente of the Bu ſe, and the Perpendicular Let fall fri 


the vertical Angle, being given, Thence 10 ſind all the Sides, 


2 


X 
2 21 


10, Num. 


Oo wu own wt = 


20 


21 
22 


29 


1 ＋ 23 


24 


as before. 


300 
4 the leaſt Segment. 
b + 22 :d + 20::d:b 
bh + 2b = 1d -- 2de 
bb — Add + 2ba = 2de 
2x b — dd = 81000 
2x + 2b = 24e 

x + ba 

IP Road 

p + aa— ce By Theorem 11. 
xx + 2xla + bbas | 


1 ad aa 
xx -+ 2xba + bbaa 
FF] =ff T 44 


xx ＋ 2:xb1 + bbaa = ppdd ddaa 


7 
0 
* 


” 


| bag ddas + 2xba e- 7 x 

2xaa + 2xba =ppdd— xx 8 + 
rb þ 

= dd 3 

aa + Lab $bb=30þ += hx N 

6 da | 2 „ 

O5 


2 Su + 2: — 40 225 


24 = 450 

b-+ 24=945 the Baſe. 
£=2375= the Leſſer Side, 

d + © = 780 the Greater Side. 


The Sum of the Tuo Sides of any plain Triangle, the Different 
ef the 1 of the Baſe, ud the Perpendicular Let fall 2 


PRO B L EM XIII. 


eric 


_— 
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Vertical Angle upon the Baſe, being given, Thonce to find the Baſe, 
And the Sides. | 


Let | 


| Put 7 
Then 
And 


Fe Fs 


s=1155 the Sum of the Sides. 

= 495 the Difference of the Seoments, 
f = 390 the Perpendicular. | 
a= the Leaſt Segment. 

e= the Leaſt Side. 

d + 24= the Baſe. 
s— 2e= the Diflwenc of the Sides, 


—— — 


— 
O © © Wy Oune uw ÞD = 


— 
dd + 2da = $5 — 25e 
250 S345 - dd — 2d4 
2X Ad 
25e = 2x —2da 
| Xx — da 


4 == — 


4 „% „„ „„ 


— 

= 

= 

©, 

O 

CY 
——- 
Wo I» 


— 
> 


— 
AN 


x — da 


O = 2x 


1, hence 
+4 Bs 
+ 23 
0, Numb, 
— 25 


=vas + 
xx — 2xda + ddaa 


SS — Tb 


xx — 2xd4a + dlaa = 5584 Þ+ s$5pp 
naa — ddaa + 2xda = - 
2 ca + 2x04 = xx —55fp 


aa + da = kx — 2, Cc. as before. 


A == 225 


24 = 450 
d + 24 = 945 the Baſe. 


e= 375 the Leſſer Side. 


s$—e = 789 the Greater Side. 


— ů — 


— 


PROBLEM XIV. 


The Area of any Oblique-angled plain Triangle; the Difference 
the Sides, and the Difference of the Segments of the Baje being 
ven, Thence to find the Baſe, &c. 


Let 1 


= 405 


b 


7 = 141750 = the Area, 


2 
319 $495 


bu 


Put 


330 


—— 


Elements of Seometry. 


Put 8 


Then 
Per Fig. 
7 6.9 
8 — dd 
9 & 2 
Per Fig. 
11 © 2 


6 XK 2 


4 


J= the Perpendicular 
5 a= the Baſe. 


824 


4 ve + 20: 72d: b 
= dd 24e 
— dd = 2de 
bbaa — 2ddba dddd = qddee 


42 — 


* the leſſer Segment 2 the Ba ſc. 
aa — 2ba ++ bb 


= Vl 


an— 2ba + bb 


bbaa — 2ddbu + dddd 
: 44d 
bbaa— 2duba + d* 
240 I 
1 1 PW 
bba —_ +4 3 4. bs Flle 
bba* — 2ddba* + da = A Add + 41. 
E 2ddba* + ddbbas 
bba* — dda* + daa — ddbbaa = 16A Add 
16A Aid 
| e AAdd 
4% OLE 
dada ddaa + Edddd = bad 
5 Lis 16 Ad 14s 
= ogg . 
bb — dd + 44 


f 16AAdd 


444 


aa 


a4 — 2ba ; +66 


aaaa — Adan — 


+ 4% 


44 — 


OT 772-7 


Vi Add + = 945 


244 
= 


—_— ww. 


— 


PRC 


— © 
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PROBLEM XV. 


There is an Oblique angled plain Triangle, wherein. & Perpens 
Uiruar is let fall from the Vertical Angle vpo0n the Baſe, the Leaf 
le, and the Baſe are given, And the Rectangle of the Difference 
ot the Sides into the Leaſt Side is Equal to the Square of the Diffe- 
r:vce of the Seoments of the Baſe : 'Tis requir d to find the Seg- 
neuts of the Baſe, &c. : 


1]|c=56 = the Leaſt Side. 
Ler 2|B=92= the Baſe. 
And] 3] ＋ 2e=B 
Put] 4]y = the Difference of the Sides. 
Then] 5 Cy = 44 by the Queſtion. 
By Figure] 6 B: 2c :: 5:4, for BA 2c 
0 | 7] Ba=z2yT yp 

5 X 2] 8] 2c 244 

7 — 8 g9|Ba—244=y 5 
2. 2 * . 

5 210 A ": % - 
=P 2 aaaa —— eee ee 
Irc — B TION 

AAA 

9 1112132 — 2422 
: ce 

12 X Iz Ic - 2:c484 = 4448 

13 + 4] 14| AB — 20a = 444 
4+20c4| 15 | aan + 20a c 
vin Num 16] 448 + 62724 = 288512 


| The Value of à, in this Æquation, may be found as in the 
amples Page 238, viz, by putting eg, Kc. As in 
note Examples, you will find 4= 37,5502, &. 


PROBLEM XVI. 


Tie Three Chords or Subtenſes of Three Arches rompleaiing 4 
eve, being each given, Thence ia fend the Diameter of that 
cle. | 

That is, any Trapezium being In ſcrib in à Semi-Grele, if 
* of its Sides be the Diamcter, and the ather Three Sides be given, 
bence to find the Diameter, or Fourth Side. 


Uu 2 


Ler 
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d=5 


115 =3 
Let | 2|c e 3 Sides. 
3 
4% 4 =the Dia. ſought, 


— — 


Draw the Two Dia- 
Lonals e and y 
Then] 5 Ca + b4 =cy By Theorem 19. 


J 25, 
6| aa — bb = 
And J 7 2 q yd By Theorem 10 and 11 hs 
5 & 2 8 ccaæ A 2bdca + bbdd= ccyy 4 
6 Xx 7 9| aaaa—bbaa—ddaa + bbdd= ceyy — 
8, = 910 4a has — dd cad + 2bdra 
10 — 2 III aa — bba - dda ca + 20d 
11 — cca 12] 24a — ba — dda — cca = 2bdc : 
12, Num. 13] 444 — 504 = 120 dict 
This equation being ſolv d, as in Example 2, Page 20 1 
you will find 2 = 8, 5581, &c. 8 en 
PROBLEM XVII. 
In any Right-angled Triangle, the Arca and the Sum if ' 
Hypothewuſe, when Added to either Side, being given, Them! 
fend the Sides, &c. | | 
| P | 
Suppoſed 7184 1350 The Arca 12 
b 2 Y+HemIi= 120 The Sum, &c. Per 
#30 Quere a, e, and y 3 
1 XK 2] 4% 24 2 
"Hah 2A 9 
r 10 
Per Figure 6]a8 + ce =py 7, 
2 2 7 7925 — 8 
3 24 13 
57 7 8152 SY 14 
„VV 15 
i 
5 & 210 7 8 14 | 16 
N | ” as 
10 ＋ 44| 114 e e ＋ 2 


RY 


| 


13 * 414. r 4 — 45A 
14 151 —-444 4A 
15,in Num. | 161 144004 — 444 = 648000 


The Value of 4, in this efquetion, may be found as in the 
third Example, Page 241: That is, by making r Tera, &c. 
it will be found that 2 — 60. 


—— —T——— 


— — _ 


PROBLEM XVIIL 


There is an Oblique-anzled plain Triangle, wherein a Perpen= 
dicular is let fall from the Vertical Anvle upon the Baſe, the Sum 

| of each Scoment of the Baſe, when Added to its Adjacent or next 
Side, and the Area of the Triangle, are given, To find the Per- 
fendicular, and each Side. 5 FE 


101 2 30 J Orere 5 U, e and u 


' 


E + u=—=S=— 600 

A = the Area — 141750 
4 = the Perpendicular ſought, 
„Ten 14 A4 


— u—ü— n — 


1 
* 
to 
| 
KS 
© OW Ons 


— 2A 
Sy T=— 
y+aa=bb 
Fer . ee ＋ 44 = u 
2 — CIO USz2S—e 
9 & 2|[11]bb=2zz—22y+ yz 
10 S. 2]I2] ut = $5 — 2e — ee 
7% 111322 — 22y= 44 
8 1214 — 2e =44 
13 15122 — 44 = 22y 
14 16 $5 — 44 = 25e 
22 — 44 Having found the Value of a, 
5 + 22117 =) from the 24th Step, e and y will 
1 be eaſily found by theſe two Steps. 
6a ba 27 — . mob b u by the gth and 10th 
. | * m 
22 — 44 SS 44 
i7 + 18 19 + ——— = +e 


ö 


by 


6, 19 
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5 Ie 24 : — 
6, wb 8 F 4 
20 X a T 
42 As 


„ 225 — $44 ＋ 255 — 248 = 7 


22 X 4 23 2854 — 5444 + 2554 — 2444 = 4% As 
23, Num. 24 | 9000004 444 = 243509900 
ere 4= 300 found as in the laſt Problem. 


— — 


PROBLEM XIX. 


There is a Rio ht. ang led Triangle, wherein & Right Line it Drau 

arallel to the Cathetus; there is given the Cathetus, that Segment 

of the Hypothenuſe next to the Cathetus, and the Alternate Segment 
of the Baſe, Thence to find the Baſe, &c. 


V:z. Let] 1]þ=20 . c=24 +» and h=215 
Then] 2]b-þ a= the Baſe. Quere 4 
Here 3 T4101: e Per Figure. 
And | 4 +ce=hb Per Figure. 
ca 
SES Rs «© 7 hood 
ccaæ 
5 © 2] eee 
4 — 44 7 — 44 ee 
ccaa 
6, 718 FR 
8 x cc = hhbh — bbaa + 2hbba— 2b. + hhag —4* 
7 _ 10|4*þ 2ba a4 + ccaæ + bbaa — hhaa— 2h 
hat is 114444 ＋ 4044 + 75144— 99004 = 99000 


— . —_— 
. 


For a Solution of this Equation, let it be made 


4448 bes Kcas- dar | 52 40 c 2751 | 
= . y + e = 4 Vie dr 5000 . — 
+ way ＋ 6rrec— 4* 
rrr + 2brre + zbree = baaa BEE 
Tun + = + CIT cas ' ; — Eft a 


— 4, mn le = — da 
Let r = 10 


Th 
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(+ 10000++ 4goooe + boner 
ned $4 ＋ 40000 + 12000e ＋ 1200re I, _. G=9ocoo 


+ 75100 + 15020 e ＋ 75 lee 
= 0000 — JgOOOe 
That is, 35100 -+ 22020 + 2551ee = 90000 
Hence it will be 22020e + 255 16e = 2 
Conſequently, 8,636 ＋ ec= ANTS 


And 86300 e 
Operation 3, 63) 21,52 (2,1 
| + = 2,1 20 
1. Diviſor =10 1,52 Firſt = 10 
2. Diviſor S 10,7 1,07 + eg 2,1 


45 Kc. reg 12,1 = 7 for 
a ſecond Operation, which being ſnvoly/d, and | Multiply d inte 
the Co-efficients as before, will produce theſe Nantes.” 
+ 21435,8881 + 7086, 246 + 878, 46e 
+ 70862,4400 + 17569,20c + 1452,00ce G 
+ 109953,9100 ＋ 18174, 20e + 751, odee 
— 1c8990,0000 — ooo, ooe 
Viz. 93352,2381 + 33929646 + 3081, 46e = 90000 
Here becauſe 93352,2381 > 90000, Therefore 12,1 > 2, 
and therefore it muſt be made r —e —=4, which will roduce 


the ſame Numbers, only all the ſecond Signs muſt be chang d. 
Thus, 93352,2381 — 33829,644 + 3081, 46e = 90990 
from whence will Ariſe this A quation, | 

| + 33829,54e— 3081,46ce = 3352,2381 

Conſequently, 10,9784 — ce 108787332 =D 

Operation 10,9784) 1,08787332 (0,0999 ee 
— e 2999 9792 


1. Diviſor 10,88 108573 Laſt 7=12,1 
2. Diviſor 10,879 97911 — = 0,0999 
3 Diviſor 10,8785 1076232 7 === == 12,0001 = 4 
979065 
&c. 


PROBLEM XX. 

In the Ollique-angled Triangle CA D, there is given the Side 
AD, and the Sum of the Cher 464 CD; alſo within the 
Triangle there is given the Line AB Perpendicular to the Side 
CA, Thence to find 1 the Side CA, &c. 1 
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11CA CDS == 
1 4D Sd 32 
1 AB S =21 
4 [C= ſought 
5 | 5 —4a= CD 
c non 
the Line DF A 
Parallel to AB, and CA produc'd to F. op 
ACAB, and ACFD will be alike. 45 
BC: CA:: DC: Cx | | be 
BC=vbb-þ aa. Let AF=e, and FD=y b. 
vVhbb + aa :4a::5—-4:a+e b 1 4 
$4 — 44 | Ine 
FE =t ET 
- 254 + 44 = U CD | 5 


1 — 254 + aa = ＋ ze fee- NY) CFA OF 


4 — 254 24e ee + yy Wy 
dd = ec = AF FD | 
$5 — 254 — dd ⁊ae 
2X =5S dd 
X — $4 = Ae 
[x —S2 
_— 
4 
I- + a2 | | 
R r 
$144 — 25444 + 4 
aer 
xx — 234+ 2xaa+$544—254* + 4* 1 
18 F 23-590 _ = 047+ Wh, 
| $544 — 25448 + 4* I 
FN 15 bb + aa 55 
» | 2 2 + 2x44 + 4 254) * 45 I 


aa 


— 


— 


This Aquation being brought out of the Fratlions, and into 


Numbers, will become, 


— 201824 + 125409442 — 2464230, 254 + 35468307 f 
= 274183922,25 wh 


which being divided by 2018, the Co-efficient of the hight 
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| — 4* + 62,14564* — 1221,125 48 r 17575,9697 4 = 
be {a 38875, &c. wo | es 

And from hence the Vulue of 4 may be found, as in the Laſt 
Problem, due Regard being had to the Signs of every Term. | 


| This Work of Reducing, or preparing Æquations for a Solu- 
ton by Divifon, hath always been taught both by Ancient and 
Modern Writers of Algebra, as a Work ſo neceſſary to be done, 
that they do not ſo much as give a Hint at the Solution of any 
Ailfcttcd Equation without it. 7 

Now it very often happens, that in Dividing all the Terms 
of an c/£4u4ton, ſome of their Quotients will not only run into 
a long Series, but alſo into imperte& Factions, (as in this 
1 1 fal. above) which renders the Soltion both tedious and 
Ir perfect. | . 

10 remedy that Inperfection, I ſhall here ſhew how this 
«Equation (and Conſequently any other) may be Reſolv'd with- 
out ſuch Div ion, or Reduction. 


Let b 2018. 125499. d= 2464220 25 
| f = 35468307. And G = 274183922, 25 


Then the precedent Equation will ſtand thus, 
—baaau + caaa - daa + fa G 
Put r Te As before. 


| n= by * Abrrre — Gbrree =—=ba* Y © 
| = 3 
Then will E =—_ 1 * — 0 2 6 
＋ fr ＋ fe. = +4 * 

This is plain and-eaſily conceiv'd 3 The next thing will be, 
how to Eſtimate the firſt Value of r; and to perform that, ler 
be Divided by b, only ſo far as to determine how many 
Places of whole Numbers there will be in the, Quotient; Cou- 
lequently, how many Points there muſt be (according to #he 
Leight of the Acquation.) 1 171 

Thus L 2018) G== 274183922,25 (130000 
| | -... 20S: 14: A; 


Nom from hence one may as eaſily gueſs at the Value of v, 
s if all the Terms had been Divided. That is, I ſuppoſe 221, 
| which being In vol x u, c. as che Letters above direłt, will be 


| X R — 20180000 
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— 20180000 — 8072003t— 12 ice 3 
2 


+ 125409590 + 376227 + 376227 

— 246423025 — 492846056 — 2464230,25ee 

+ 354683070 + 354683070 5 TY 
Viz. 213489945 ＋ 157344920 87239, 5% = 2741839 K. 
Hence 1573440 87239, „cer 4877, 25 * 

Conſequently, 10, 36 ＋ = 695,72 =D 
5 
6 
nd 555 Te e 

Operation 188,3) 695,72 (3,7 e 


Ter , 349” 
1. Diviſor = 183 +9 Firſt r— 10 


2. Dii ſor = 184,0 128,80 ++ c= 3,7 
&. 7 ＋ — 13,7 Dr for 


a ſecond Operation, with which you may proceed, as in tf 
Laſt Problem, and ſo on to a Third Operation, if Occaſion Wb. r- 
quire ſuch Exactneſs. But this may be ſufficient to thew tie 
Method of Reſolving any Adfected Equation, without reducinW 
it; which is not only very exact, bur alſo very ready in Pri 
Etice, as will fully appear in the laſt Chapter of this Part, con 
cerning the Periphery and Arca of the Circle, 8c. wherein youllifh 
will find a farther Improvement in the Name ical Solwtion 

High- Equations than hath hitherto been publiſh'd. 


— * 
— 


CHAP. v. 


ficial Contents, or Areas of Rigbt- lin d Figures 


Efore I proceed to the following Problems, it may be cv! 
 venient th acquaint the Lrarncr, That the Syperficics 0 
Area of any Figure, whether it be Right-lin'd or Circular, is 
compos'd or made up of Sqrarcs, either Greater, or Leſs, accord 
ing to the different Mea ſures by which the Dimenſons of tis 
Figure are taken or Aſca ſur d. : 
That is, it the Dinenſſons are taken in Inches, the Area ui 
be compos'd of Square Inches; if the Dimenfons are taken! 
Jeet, the Area will be compes'd of Square Feet ; it in 7. ards, tl 
Arca will be Square Tards; and if the Dimenfons are taken bj 
Polcs or Ferchen, (as in Sw win of Land, &c.) then the Ari 
will be Square Perches, &c. Theis Things being underſtoos 
| * All 


* 
> 


— 


TEE WHEY 


| , — — _ — 
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and the Definitians in the 283 and 284 Parcs well conſider d 
will help to render the following Rules very ealy. * 


PROBLEM I. 


To find the Superficial Content, or Area of a Square; or of 
| any Kght-angled Put allelogram. | 


F Multiply the Length into its Breadth, and the Product wall” 
Rulc Lbe the Arca requir d. (See Lemma 1. Pag. 302.) 
Exanfie, Suppoſe the Line AB=6 
Tris, and the Breadth AC or G 
BD — 3Tards, | | | 
Tien AB * AC— 6 X 32 18 3 
will be the Number of Square J ards 
ontain'd in the Arca of the Pyrallc- C E 
W741” ABCD. | | | 
This is ſo evident by the Figure only, chat it needs no Der 
tration. 


PROBLEM u. 


J find the Area of any Oblique angled Parallelogram, viz. 
either of a Rhombus or Rhombordes, | 


ule? Mrliuply the Length into its perpendirular Height, (or 
$\\| A Breadth) and the Prod» will be the Arca requir d. 
Tint is, the Side ABxBP=the Arc of the Rhombus 
ECD. For it BP be drawn pci 
mir to CB, and AG be made 
#1 id to h, then will GC=PDND, 
Nn GP== CD. Conſequently A AGC 
-ABPD, and ABP Rhombus 
CD. 

But AB x BP=: ARGP. There: 
e AB x BP, or CD x BP = the 
ca of the Khombus AB CD. 


Examples Suppoſe the Side 4B = 23 Inches, and the Pe- 
endicular B P 17.5 Inches, ( Teing the ſhorteſt or neareſt Di- 
ance between the Two Sides AB, and CD.) 
then AB x BP= 23 x 17,5% 452,5 Square: Inches, being 
e Area of the Rhombus requir'd. . | | 
The like may be done for any Rhombo:d&g, whoſe Length and 
Pendieular Breadth are given. : 
3 15 X x 2 PR O- 


\ 
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PROBLEM in. | 
To find the Super ficial Content, or Area of any plain Triangle, Þ 


Every plain Triangle is Equal to half its Circumſcribing Para. 
lelagram, (41. e. 1.) which affords the following Rule. 
Multiply the Baſe of the given Triangle into Half i 
Rule 1 perpendicular Height, Or Half the Baſe into the uh 
Perpendicular, and the Product will be the Arta. 


That is, BDX 4 CP, or 3 BD x CPS Area of ABC, 
For AC = BP, AB = CP, | 
and BC is common to both A A, — 2 
therefore A ABC = A BCP. 


And for the like Reaſons ACFD : 

= A CPD. E 
Therefore ABCP-þ+ A CPD | P 

=z>2ABCD. Conſequently 3 BD x CP, or BD x *(? 


will de the Ses of the A BCD. 


Example, Suppoſe the Baſe BD 32 Inches, and the 50. 
pendicular Height CP= 14 Inches. 3 . / 


Then + BD x CF = 16 x 14 = 224. Or B DNC 
== 32 X ] = 224. | be 

Or thus, 32 X 14 = 448. Then 2) 448 (224 = the 4M 
of the Triangle BCD in Square Inches, | 


. PROBLEM IV. Ti 
To find the Superfictes, or Area of any Trapezium. 


Firſt, Divide the given Trapezium into Two Triangles, H G, 
drawing a Diagonal from one of its Acute Angles to the O, 


poſite Angle; and let fall Two Perpendiculars ¶ from the other Ta) 
Angles }upon the Diagonal, As in the following Figure, Then 


Multiply half the Diagonal into the Sum of the Two Pr: 
Rule 15 ndicuars, or Half ihe Sum of the Perpendiculars in 
— Om the Dig"onal, And the Produtt will be the Area. 

That is, * ACx BY4+ ED. Or AC TBP EDB Aris 
ok the Trapezitm A BCD. : | | 


For the A ABC is Half its Circumſcribing Par allelegran C 
And the A ACD is alſo Halt of its Circumſcribing Parallel 2 


gram, As hath been prov'd at the laſt Probleny; 
. 1 „„ E RR 5 275 Gn 
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| Conſequently, BP+EDxX+AC, or 4BP+3EDx AC 


will be the Arca of the Trapezim, B 
As above. | googgo»egeng 7 SOOT 


Example, Suppoſe the Diagonal ; Su 
AC = * N "the een OT - 
lar B 15 Feet, and the Per- : : | 
a pendicular | FE 1= 14 Feet. Then e eee 
Wi + ED = 29 Feet, and 
EPT FED XK AC= 29 x 16,5 
=478,5, Or ACX IiB PT EDS ZzzX . = 4785. 
Or thus, 29 X 33 = 957. Ihen 2) 957 (478, 5 any of 
theſe Podlucls are the Area of the Traegium AB CO. 


PROBLEM V. 


To find the Superficial Content er Arca of any trregular Plan 

or any Sided Figure, which by ſome | 

bord is calld 4 Triangulate, becauſe 
(as 1 ſvfppoſe) it miſt be Divided into 
Triangles, as in the Annexecd Figure 

| ABCDEFG ; by which it is evident, 
that the Sum of the Area's of all thoſe 

angles, found as in the laſt Pro- 

hem, &c, will be the Arta of their 
C cumſcribing Polygon. 


| PROBLEM VL 
T1 And the Syperficies or Arca of any Regular Polygon,viz. of any Re- 
ilar Pentagon, Hexagon, Peptagon, Octagon. c. 


Multiply half the Sum of its Sides into the Ra- 


. dius of the Inſcribd Circle, Or half the ſid 
General Kate f. into the Sum of the Jes, and the Po- 


1 
5 


| | duct will be the Arca requir'd. 
1 That is AB+ BD+DE +EF+F+GH+ HK+ KA b 
| CES — — 3 


xCP 


2 

= the Arca of the Anpexed Otlazon ; wherein it is evident, 
that its Arca is compos'd of ſo many Fgqugl Iſeſceles Triangles 
ss there ate Number of Sides in the Polygon, viz. of Eight Ja- 
ele Triangles, whoſe Baſes are the Ge of the Odtægon, viz. 
AB=BD=DE, &c. And the Sides of thoſe 1 2 
CA, CB, CD, &c. are the Radius of the Circumſtribing 
Cycle; and their pergendienter Heights, viz. CP, is the Radjas 
ot the Infer thid Circle © | "I p 

= | ut 
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Bot the Area of any one of thoſe Triengles, is 3 AB x C1 


By Problem 3. Conſequently 
the Sum of all their Aren's will 
be, CP into half the Sum of 
all their Baſes, As above. 

This being Equally evident 
in all Regwlar Polygons whatſo- 
ever, makes the Rule General 
for finding their Areas. 

Now bccauſe it is requir'd 
to have the Radius of the pro- 

os'd Polygon's In ſcribd Circle, 
Fall here inſert (and demon- 
ſtrate) the Proportions that are 
between the S:4cs of ſeveral Reguiar Polygons, and the Nadin 
both of their In ſcrib'd and Circumſcribin? Circles; the one will 
help to delintute or project the Fuly7on, (if Occafion require ii) 
and the other will help ro find its Area. 


And Firſt, Of an Equilateral Triangle, 
The Side of any Equilatcral plain Triangle, is in Proportion to 


the Radins of ri | 
X Crrcumſeribing Circle, As 1: To o, 57735027 &; 
— Lt, ſerib'd Circle, As 1: To n. Ns. 
And to its Pe: pendicular Height, As 1: To 0,86602549 &c, 


3 AB: CD:: 1: 0, 57735027 
That 1% TLAB:CG::1 10 1 
And AB: AG:: 1: , 86602543 


Ocmonſtration. 


Let AB BD Y. 

Then will BGS GDS o, 

But G. 4B - BGS HAG 

By Theorem 11. 

That is, 1 —0,25 =0,75= 0 AG. 
Conſequently, 0,75 =0,86602540= A: 

Then AG: AB:: AB: AH. By Theorem 13. 

That is, o, 8660254: 1 :: 1: 1, 15% 054 Kc. = AH 

Then 3 41 H=0,57735927 = AC. Again, AG:DG::DG:CC 
That is, 0,8660254: ©, 5 ::0,5:0,28867513=CG.- Q. E. D. 


Now, by the Help of the Fr, of theſe Propertions, it will be 
eaſy to Re ſalve the following Problem. e 9 
9 5 P R O- 


* —_ 
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PROBLE M VII. 
The Side of any Equilateral plain Triangle being given, To find 


i its Arca. 


Example, Suppoſe the Side of the propos d Triangle ABC 
to be 25 Inches, viz. Nr BCS CAS= 25 
Firſt i: 98659254 = 25:21,650635 B 
=þP. By The 1 nh 
Then AP (= £ CA) x BP= the Area 
of A ABC. By Rule to Problem 3. 
That is, 12,5 X 21 2059635 = 270, 6329 
the Area in Square Inch CI, 
Or this Problem may be otherwiſe 4 
| Reſolv'd, thus: | 
Let b= AP=$Z AC. Then 2b= AB, | 
tg AB— 0 AP= nA BP. By Theorem If. f | 
That is, 45 — bb = 36bb= BP. Conſequently, 3 =BP 
Then / 3bb =BP x AC. Viz. V 3bbbb = the Ares of the 


| Trig; ge., 


* 1 „ 


Secondly, For a Pentagon. 


| The Side of any Regular Pentagon, 1s in Proportion to the Radius of 
15 Crcumſcrilinę Circle, As 1 : To o, 85065080 &c. 
Inſcrib'd Circle, As 1: To 0,68819096 &c. 
And to its Perpendicular Height, As 1: To 1,53884176 &c. 


AB: AC:: 1: 85055080 
2 CH:: I: 0, 688 19006 
AB: AH:: 1: 1,53884176 


Demonſtration. 


t ABS Ii. And draw the 
N AD, AF and DC, which 
willbe Equal to one another. Then 
wil AGx DF--+ ADx GF= APFr. DG 
By Theorem 1 
Conſequently, AG x DF= AF x CG: — AD x CF 
That is, AB = 0 AD: — AD x GF=1 
Hence it will be AD = 1,61893398 
Then 4b — D. DH= x AH By Theor. 11. But DH=1 46 


Therefore 4/ T7 8 AD — + nAB=ANHE=1.c:884176. 
Again, 4H: AD: AD: AX=2 AC. For a AHD 
and Aa AD Fare alike, ; 


Fea 


-_ — — — 


a — . — — 
- _ — — — 


DDD 
* 


bn. 
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AD Wy a 5 

Ergo = = 2AC=1,70135161. Hence AC, 85065055 
But 4 C= CH 0, 688 19096 &c. | Q. E. D 
From hence it will be Eaſy to Reſolve the following Probl, 


PROBLEM VIII. 


The Side of any Regular Pentagon being given, To find its Arg 1 
13 

Example, Suppoſe the given Side to be 15 Inches long, tie 

it weill be, as 1: 1,53884176 : : 15 ; 22,0826264 the 5. | 
pendicular Height ; and by the general Rule 22,c82626, x 

2165, 519698 the Area requir'd, 

Thirdly, For an Octagon. 7 

The Side of any Regular Octagon is in Proportion to the Radiu i b F 

5 


rcumſeribing Circle, As 1: To 1, 30656296 Cc. 
its Inferib'd (Circle, s As 1 : To 152710678 Cc. 
, FBA: A:: 1: 1, 306562989 — 
Fiz. 4 U 5 
BA: CP: : 1: 1, 20710678 


Demonſtration. 


Draw the Right Line DB, and 
from the Pont B let fall the Per- 
pendicular B x upon the Diameter 
DA. 

Then will ADBA and ADxB 
be alike. By Theorems 10 and 12, 


Ch=BARi.c=C4 


105 DB and „ = BE | 281 
12 h e) Viz. DA: BA :: DB: Bx Th 
1 v0 IL =e=DB 
2 & 2] 3 E-L ee = 0 DB 
bur 4 449 = bh ; 
That ie, D -D NBA. By Theorem 11. * 
4 * bh, 5 | qbbau — gaayy = bbbb | FOE { 
Again 6 Tad S5 For Cx Bx 7: 
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57 0. 
12 2 
8 CO 
10 ＋ bb 
11 2 
Then 


Wi: w 2 


— — 


0 WW 2110 


14 


7 Albaa — 24 =b*.. Or 24. — 4bban =—b* 


8 ae — 2bbaa — — 1 
9 4* — 2b ba a __ 14 = h% 2þ4 = Eh3 
aa a bb — y 23 


II 44 =bb TV 
12 2 = NY : bb + V£b* = 1,3065296 &c. CA 


13| a4 — fl CF. Viz. HH SCC, 
W aa — {bb 1, 20710678 &c. = CP. 


From hence it will be eaſy to find the Arca of any Octagon. 


PROBLEM MX. 


| The Side of any Regular Octagon being given, to find its Arca, 


EFrample, Suppoſe the Side given to be 12 Inches long; Firſ 
As 1 : 1, 20710678 :: 12: 14, 48528136 = the Radius o 
its Inſcribd Circle. Then 12 X 4 = 48 is half the Sm of 
its Sides ; and 48 X 14, 48528136 = 6952935 the Arca re- 


quir d. 


Fourthly, For a Decagon. 


The Side of any Regular Decagon, (viz. 4 Polyzon of Ten Equal 
| Sides) is in Proportion to the Radius o 


| 1 ircum ſcribing Circle, As 1: To 1, 61803398 &c. 
I ſcribd Circle, As 1: To 153884176 &c. 
. SBA:CA::1:1,61833398 1 

BA: C P:: I: 1, 53884 166 5 


Demonttration. 7 . 
Let Ye ee E * 
zB. and BB Di” e 24 
h N 8 
Thar is, DA: BA:: LB: Br | Wo , 
| 24) =be > > 
1 (va 27 = 1 F 
But] 325: :: 1: 1,6183398 See Pentagon. 
Ie 0 ie 
T 1518533908 EE 8 4 
>. tel $ Ma, l 
4 - Abbe C. 
Zigain | 6 Lis. 5 aeg Thcor. II, 
That is, 7 v 2,6 1853396 — 0,25 = 1,53884176=CP 


„ P R O- 


— "TIE * Me "Ipak OY 
— — * N : - 1 
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— 
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PROBLEM X. 
The Side of any Regular Decagon being given, To find its Ar | 


Example, Let the given Side be 14 Inches long: The 
As 1 : 1,53884176 : : 14 : 21,543764 = the Radius of th 
In ſcribd Circle, And 14 X 5 = 70 is half the Sm of its did 
Laſtly, 21,543784 * 70 = 1508,06488 the Area requir d. 


Fifthly, For a Dodetagon. 


The Side of any Regular Dodecagon, (viz. @ Polygon of Tut: 
Equal Sides ) is in Proportion to the Radius of 
11 FOOTE Circle, As 1 : To 1,93185165 &c. 
In ſcrib d Circle, As 1: To 1, 86632012 &c. 
Fiz. BA: CA:: 1: 73185165 
* CBA: CP::1:1,86632012 


Demonſtration. 


Let b=BA=1.4=CA as before 
Ande—=xA. Then a -en Cx 


— — — — _ = 


g L. Bx —= ce D E F 

Firt| 1 By Figure. : f 
But 2 Rr ICA = 
2 & 23D Bx = 444 WW 
1, 3 4 — A D ce ch 
4 w 2 5 Vb — e all 
Again 6 aa — 7044 == 44 — 22 ee H. 
Fiz. 'm CB — B&S Cr. | Ci 
5 * 24 72 Vb — 444 2a A 
4 — 71 8 bb — 44 — 22 bb — J = ce 240 * 4 
7, 8 %%% — 4 g 344 — 24 UU — 44 5 
1 10] 242 bb— 4 =lb m 

10 S- 2|11]qgbbae—aace—b* 

$1.9 121 4444— gbbag == —b* th 
13 CO [13] a2aa—4bbas + 4b* = 3b* = 3 bi 
Bo I4 Ag — 2bb—=vV3= 1,7320508075 cl 
14 + 2bb |15| 44= 2bb / = 3,73205c8075 h 
15 w 216 3,7320508075 = 1, 93185165 Cel 1 
Again | 17] ag— £bb= QCP. Viz. CF HFF ZO 
17, Hence 18 CP=v aa —43bb= 1,8663 2012 Q-E. D. - 


Con ſcctar 
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Con ſectary. 


Hence, if the Side of any Regular Dodecagon be given, the 
Nadia of its Inſcrtb'd Circle may be eafily obtain d, and thence 
tic ren found, As in the laſt Problem. | 


„The Work of the foregoing Polygons being well conſider'd, 
vill help the young Geometer to Raiſe the like Propurtions for 
others, ik his Curioſity, or Occaſion requires them: And not 
only ſo, but they will alſo help to forma true Illes of a Circle: 
Periphery and Area, according to the Method which I ſhall 
IF down in the next Chapter for finding them both. 


- — — — 
— Lo” % — ” „ - * . — 
+ - 8 = - 2 * —— - _— * — 
— — — * 2 K - * — —— — L = 
7 — — — 
— — — — — ——— — 
- < < © — 
. — > - — - . 
— > 2 — — = — A — 
— — — 2 — "gs 1 = -- by 
— I - ms - 5 
— — —_— — = - _ . - — 


1 
Lew GET > 3 


— — 
” a. - 


| 


* 

* „29 

. 
y 1 

„ 511 

7 A 'd- 

4 = 
ns”... 
g | R 9 

£ 
91 

14 

#3 — [ 

1 

1 N co 
1 
17 

p * 
11 
- 

Ss Y . 1 

- © \ 

" 

* 12 
* 
þ U 
171 
u an 
. 


8 
EC" 
l = * 


—— abs. „ * 


— — A 


CHAP VI. 


A New and eaſy Method of finding the Citcle g Periphery 
and Area, to any afign'd Exadtneſs (or Number of Figures 
by one A*quation only, Alſo a new and facile Way of 


making Natural Sines and Tangents. 


E T us ſuppoſe (what is very eaſy to conceive) the Circle's 
Area to be compos d or made up of a vaſt Number of plain 
| Jjojce/es Triangles, having their Acateſt Angles all meeting in 
the Cycles Center: And let us Imagine the Baſes of thoſe Tri- 
| 2n2/es ſo very ſmall, that their Sides and their Perpendicular 
Height, viz. the Radivs's of their Circumſcribd and In ſcrib'ꝗ 
| Circles, (vide Problem 6.) may become ſo very near in Length 
to each other, as that they may be taken one tor another, with- 
out any ſenfible Error, Then will the Peripheries of their Cir- 
unſcribiag, and In ſcribd Circles become ( althongh not co- inci- 
leut, yet ) ſo very near to each other, as that either of them 
may be indifferently taken for one and the ſame Circle, 

But how to find out the Sides of a Polyz9n (viz. the Baſes of 
roſe Iſoſecles Triangles ) to ſuch a convenient Smallneſs, as may 
be neceſſary to determine and ſettle the Proportion betwixt a Cire 
les Diameter and its Periphery, (io any aſſign 4 Exattineſs) hath 
iitherto been a Work which requir'd great Care and much 
Time in its Performance, as may eaſily be conceiv'd from the 
Nature of the Method us d by all thoſe who have made any con- 
ſderable Progreſs in it, viz. Archimedes, Snellius, +; ung 
Metins, Van Culen, &c. 708 procceded with the Biſełhng of 

: 5 . 


n 


6— — 
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an Arch, and found the Value of its Chord to a convenien 
Number of Figrres at every ſingle Biſcction, repeating thei 
Ofcraiions until they had approach d to the Chord deſign'd, 

And this Method is made Choice of by the Learned Dr. Wal; 
in his Treatiſe of Algelra; wherein, after he hath given us! 
large Account of the different Enquiries made by ſeveral (29 
cminent in Mathematical Sciences) in order to find out ſon; 
en fer and more expeditious Way of Approaching to the Cinch 
Periphery, as in Chap. 82, 84, 85, 86, and ſeveral other Place; 
he comes to this Reſulr. (Page 321.) | 

& *T is true, (ſaith he) we might in like Manner proceed ly 
* continual Triſection, Quinquiſection, or other Section, if 
© we had for theſe as convenient Methods of Operation x; 
& we have for Biſection: But becauſe Euclid ſhens how tg 
$ Filet. an Arch Geometrically, but not to Triſe&, c. and 
< the one may be done ( Algebraically) by reſolving a Qu. 
c dratick Æquation; but not thoſe other, without &quation: 
© of a higher Compoſition, I therefore make Choice of 1 
* continual Biſection, Cc. 

And then he lays down theſe following Canons. 


Thie Subtenſe of .. 1 into 6 
of 7 V:2—V into? 1 
"1 WS.M v:2z—v:2+v/ 3| &c. 2; 
of 2 V:2—v:2+V:2+v/3 4 
8 Vi- Vz V: 2 TV: 27 969 
Kc. V:2—vV:2+v:2+y:2+v:2+y;] 1:2 W- 

V:2—vVi2+v:i2+tvVi2+v:2+v:2+v3] 8. 

V:i2—V:2+v:2+v:2+V:2+v:2+v:2+v3] 70 4 


&Cc. Ke. 


He tedious and troubleſome the Work of theſe complicated Ex- 
tractions is, I leave to the Confederation of thoſe, who either hats 
ad Experience therein, or on of Curiofty will gave them ſel! 
the Trouble of mating Trial. 

Again, in Page 347, the Doctor inſerts a particular Methe! 
propos'd by Libnitius, publith'd in the Atta Eruditorum at LH- 
el, for the Month of February 1682, in order to find the 
Grele's Arca, and conſequently its tcriphery, which is this: 

As I: L03=—>+j +++ Fr tx 
Infinitely : : So is the Square of the' Diameter : to the Circles 
Area, But this convergeth fo very flowly, that it is not wort! 
the Time to purſue it. | 

I tha!) here propoſe a New Method of my own, whereby the r 
Circles Proiphery (and conſequently its Aras ) may be r e a l 
i infinite 


— 2 


* 
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en Infnitely near the Truth, with much greater Eaſe and Expedi- 
cn tion, than either that of Biſctlion, or that of Libnitius, as above 
or any other Method that 1 have yet ſeen, it being perform d by 
Heſilving only one equation, deduc'd by an Ex ſp. Proceſs from 
tue Property of a Circle, (known io every Cooper ) which is this. 


Tie Radius of every Circle is Equal to the Chord of one Sixth 
Part of ita Pcriphery. | 

That is, AD=DH==HG, the Chords of Part of the 
S-micircle, are each Equal to ; 
AF its Radius. WEIS 
K Then if the Arch AD be OILY 
Triſected, it will be FEES 
IB SBZ AZ. BEL OY \ 


0 R= Af =I e de 
Let 


2 AD=1 Sono 
22 AB Quere 4. 5 n 


— ———————— 


Then] 1 N 2 —=Be 


And * 24 R — 2 

That is, 3 FB: BZ: F: e x=AD— 22 

For} AH, and AB Af, are alike, 
And AB = Ae = Dx, Ke. 


| "| 4 Re 2Rg= Ra — 


to 


* w- —_ — om — 


* &C.| 53 RA — 4a RRc. That is, 34 — 244 =1 
Here a=the Chord of &, Part of the Circle, 
For * of 2 _ 


Next, To tri ſect the Arch AR. 


Let IE) ane ? the Laſt Chord. 
5 2 275 — 27 T —)' 2 
319 — 3) 34 
4:99 3007 ＋ 2 - = 3 —4 
| | Here y the Chord of „ Part of the Circle. 


Again, To tri ſect the Arch, tobereof y is the Chord. 
Let | 


] 
2 


3 


34 —4* =} | 
274 — 274 þ 947 —_— 2 | 
24345-4054" 270 904" ＋ 15a — emmy 

I & 7 


& 3 
18.5 


— — — 
- : * 2 1 — iy — 

© 
— CI EI * 


i | 
1 
13 
1 
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e ee , 
ee e. |= 
— — 2 | 

3 .9 6 274 — 94 = 9 | = 
2 X 30 718102 —8104* + 2704” —304? = 30y? pu 
1 65614 — Z — 11, Wc 

3 K Y 8| 2 een 24304 + 4 
_ 1968347 — 459274? + 459272 — nien 

4 * 9] 9[L—255159'? ＋ 850% = gy" 56 
6 — 7 274 —8194* + 737145 — 3088847 + 1/4 
+8— 4 101 + 729304 — 107406 + * 67 
＋ 5 + 1046522 — 697682 vſef 


{Here 2 —the Chord of - Part of the Circle, 


2 "= - 1 
Procecding on in this Method of continually Triſecling the 4) the 
of every new Chord, and ſtill connecting the produc'd Aqua: 17 
into one, as in the T wo Laff Tri ſections, it will not be difficult 7 
obtain the Chord of any aſſign d Arch, how ſmall ſoever it be. WW © * 
Now, in order to facilitate the Work of Raiſing theſe A 41. MW by 
tions to any conſiderable Height, it will be convenient to add: 1 
few uſeful Obſervations concerning the Nature, And of ſu W 2 
Contractions as may be ſafely made in them; which, being WW. 
well underſtood, will render the Work very ea ſy. = 
1. I have obſcrvd that every Triſettion will gain or advance in: Wi d 
Figure in the Circles Periphery, but no more. rw xp fo na 
Places of Figures as are at firſt deſgn d to be perfett in the Fer: 25] 


phery, fo many Triſetiions muſt be repeated to Raiſe an Mu 
that will proauce & Chord anſwerable to that Defon. 


2. I have alſo found, that all the Superiour Powers ( of a) =: 
Indices are grester than the Number of Tri ſections, (viz. q 
indices are greater than the Number of deen d Figures ) may bt 
w'26lly Regetted as Infgnificant. 


3. Vhen once the Number of Triſettions, and thence the hight 
Vader (of a) is determin'd, the Third Proceſs (viz. the Third Tr Wh = 
ſection) may be made 4 fiæ d or à conflant Canon ; for by it, I. 
Maitiplication only, all the ſucceeding Triſettions (how mam wi 
trewer they are) may be complested, without repeating the ſeveri I fa: 
Involutions. A 


4. In Raifeng and Collecting the Cu efficients of the ſeveral Fr · I 
ers, (of a) it ci by f ficient is retain only en 


J 
3¹⁰ 


ll 


4 
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Figures (at 49 as there is defign'd to be Places of Figures in the 
Frriphery; Cor at moſt but Two more) and cvery ſucceeding ſuperiour 
purer may be allow d to decreaſe two Places of fronificant Figures. 
But herein great Care muſt be talen to ſupply the Places of thoſe 
Fiourcs that are Omitted with Cyphers, that ſo the whole and ex 


Number of Places may be truly adjuſted, atherwiſe all the Work 
"ezill be Erronecous. 


Now the Number of thoſe ſupplying Cyphers may be very conve- 
niently denoted by Figures placd within a Parenthefis 5 thus, 


576 (8) 4, may ffenify 57600000000 , us in the following 


rAquations. The like may be done with Decimal Parts, thus, 
(.7) 658 may fi:nify ,o000000658 &c. which will be found very 
e ful in the Solution of theſe, and the like cA£quations. 


The aforeſaid Contractions may be ſafely made, becauſe both 


the S:ypericur Powers of a, which are Rejected; as alſo thoſe 
Numbers that are omitted in the Co-efficients (and ſupply'd wuh 
FCyphers ) would produce Figures ſo very remote from Unity 


25 that they would not affect the Chord Deſan d. That is, they 


ould not affect the Chord in that Place wherein the Degu d 
| 2 is concern'd, As will in part appear in the following 
Examp 


e. 
If theſe Directions be carefully minded, it will be eaſy to 


Naiſe an Equation that will produce the Side of a Regular Poly- 
gon, whoſe Number of Sides ſhall be vaſtly Numerous, conſe- 
quently Infinitely ſmall. But I preſume it will be ſufficien: 
tot an Example, to find the Side of a Pilygon conſiſting of 
258280326 Equal Sides; that is, if I find the Chord of r 
| Part of the Circles Periphery, and that requires but Siæteen Tri- 
ſeckions, which being order'd as before directed, will produce 
this AÆꝗquation. 


7769837653 19971402004 —849 1218532841350 
754533331 1430500 — 2300833480669 
T6830988(79)s" *—15072(94)s** 


Here the Value of 4 will have 23 Places of Figures true; 
That is, the Sides of the Iaſcribd and Circumſcrib'd Polygons 
will be exactly the ſame to 23 Places of Decimal Parts, but not 
arther ; all which may be eafily obtain d at Two Operations. 
And for the firſt, it will be ſufficient to take only Three Terms 
or the «/£quetion ; which will admit of being yet farther con- 
raged, thus, | 


; 439467214—=332360179486968612(4 )a" | 
21 


Let 


Atl 
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© 439457 214—3323601794(12)# 7, __ 
T +70983755(27)a* s 28 


And let - +£e=4. Then Reyecirng all the Powers of e, that 
ariſe by Involution above ccc, 


it will be 7 + 3rre + zree & cee 44 
And r* +5r*%c + 1oriee & orrece = 4) 


Then the firſt ſingle Value of r may be thus found ; 
43046721) 1,90000000 (,90000002 = r 
This ,00000202=—r being duly Involvd, and its Pwr: 


Maultiplyd into their reſpective Co-efficicnts, will produce 
D 430487210 | 
88 21 
vz, 8345919 Q 391 I9900c—193257(9)e—3OIE(1IB er 1 
Hence 391i 19986e—193257(9)ce—3016(18)eer—0,16540804 


Let 


—,02658E8B1— 39883226—19941C(g)e——3324(18)eee 
+,00524635+__ 615*7e+ *6159(9)c+* 3o8(18)eer 


All the Terms of this laſt.Æguation being Divided by 193257(9) 
the Co- eſſicient of ce, it will then become 


OSO οοοοοο ε =- , · 15605 Yece=,000002000000050<B;55B968—D 


— 
Conſequently, 4 — — e 


Operation. 


- * * * . 4 


,0000002024) ,0000000000000008 5 58963 (,500000004=e 
—£:=,200000004 3:-,000000000000000000998R4 = 156(S eee 


1 Di, ,000000198) ,000000000000000856995 > (0000000c4 327 


2 Di. 0000001981 792 
** 
5943 
: 5465 
Firſt r =,00000002 3962 


&c. 


＋ e ,000000004 327 | 
Or rather Newer for a ſecond 


7+ e =,000000024327 . 
Operation. 


Now if this Firfl Vuluc of à = 000000024327 were not cone 
tinu'd to more Places of Figures, by a Second Operation, but oni) 
Multiply'd into the Number of Chords, 

Viz. ,500000024327 Xx 258280326 — 6,28318539 &c. tit 
nearer than cither 


Archimedes 


Perifhery of that Circle, whoſe Diameter is 2, 


Part I 


w| 


He 


Or r 


Oper, 
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Archimedes, or Matius's Proportion: For Archimedes makes it 
6,285714 &c. viz, As 7 To 22. And Mcotius makes it 
628318 584 Kc. viz. As 113 To 355. 

But if the whole Aquation before propos'd, be now taken, 
and we proceed to a Second Operation, the Value of a may be 
Iucrcas'd with Twelve Places of Figures more, and thoſe may 
be obtain d by plain Divifon only. 


Thus, let r +e— 4, as before, and let all the Powers of e 
be now Rejected as inſignificant ; | 


7 + e=4 r Tre ga 
1 3e 4 r IIc 2 
Then will 55 $4 75 15 + 137 e 
17 Tyre 4 rf 15 r 4 


The ſeveral Powers of 1 = ,00c000024327 being Nair d, 
and Multiply'd into their reſpective Co-efficients, will produce 
theſe following Numbers. 


T1,047197581767 + 430467210 
) — ,047849196598394865— 590025 1 
+ „000655906484 595355 T 1348106 
— ,000024281440413375— 12320 


* 


+ ,000000016302517863+ Ge | 
— ,00000000204063T I07— oe Th 
+ ,000000000000071 388+ Oe 
— ,002000I00000000093= t oe! 5 


Nr. 1 0000000264 74745106 + 37279554 1 
Hence 37279554e = — 5000099026474745106 =D 
Or rather — 37279554 = 0000006074745 106 


Con egen 572795 = = —e 


Us erat 1 Nn. | 


31279554) $090009026474745106 (159710167967 =—e 
7 : 


290950070 

37905730 
. 32279354 
5 62617660 
$7279554 

7 &c. 


s Z 2 _ LaP 


a 
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Ia r = 52000299024 327 1 
— & = ,0000000000092000719167907 


r — © = ,000002024320999 289832933 — 4 the Chord 
Side of the B.lygon requir'd, 9032933 or 


The next Work will be to examine how many Placcs of theſe 
Figures will hold true to the Circles Periphtry : In order to that 
let 4 be repreſented by the Chord B b, in the Annex 
Scheme ; and let Bx = xb. Then will 
Bx = 4 =(,7)121634996449160165 
And BC - BU Cx. 
Let the Radius BC = 1 as before. 
Then will the v QBC— U BY Cx 
= 29999999999929999, Kc. 

ut Cx:4B:: 
Or Cx:Bb::CA: D 2 Fer Fig, 
Ergo Dd 27) 243 2699928983203 
the Side of the Circum ſertbing 35 —f 2 
Then will 2 x 258280326 be the 
Perimeter of the In ſcrib'd Polygon. 


And Dd x 258280326 will be the Perimeter of the Ci. 
cumſeribing Polygon. 


* is, 6, 283 1853071795859 S the Perimeter of the Iaſcrib 
And, 6,283 1853071795865 = the Perimeter of the Circ» 
fſerib'd Polygon. 


Hence tis evident, that the Circles Periphery, whoſe Dian: 
ter is 2, may be concluded 0,29 3105 307 1799964 true, be 
cauſe the Ferimelers of the In ſcri/d and: Gircumſerab'd Polygoii 
are ſo far very near being C- incident, or the ſame. 

Tis poſlible there may be ſome who will think this is ted. 
ous and troubleſome Work ; but if thoſe pleaſe to conſider, 
that if this Feriphery were to be found by the aforeſaid Mell 
of Biſection, it would require theſe following Extraftions. 


V:2=V:2+v :2+v:2+v:2+v:2+ 


v :2 

+v :2+V:2+y:2+v:2+v:2+v:2 +0: 

Viz. $+v :2+v:2+v:2+v:2+v:2+y:2+v:? 
+v:2+v:2+v:3+v:24+v:2+v:3 Mir 


phy d into 402809984. | 


Here the firſt Root (viz. 3 muſt be Extracted at leaſt t: 
one hundred and T'wo Places of Fizures, The ſecond. * 
| 5 1, 
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(vir. V: 2 + V 3) muſt have og Places of Figures in it. The 
third Root (v12.vV :2-FV :2+wv 3) muſt have go Places in 
it, Cc. every Extraction being allow d to Decreaſe Three Places, 
| that ſo the laſt Root (viz. the Chord Sought) may conſiſt of 
24 Places of Figures, As above. 

| ſay, whoever duly conſiders the Trouble of theſe fo often 
repeated Extraction, will, J preſume, be pleas'd with what I 
have done. For truly when I conſider of the great Time and 
Care requir'd in them, I cannot but admire at the Patience of 
the Laborious Van Culin, vho proceeded that Way until he had 
found the Circles Periphery to Thirty Six Places of Figures, to 

wit, 6,283185307179586476925286076655990576. 
Theſe Numbers are ſaid to be engraven upon his Tomb-Stone in 
. Peter's Church in Leyden, for a Memorial of ſo great a Work, 


Having thus obtain d the Circle Periphery, its Area may ea- 

| fily be found (to the ſame Number of Figures) by Problem 6. 

| That is, if Half the Periphery of any Circle be Multifly'd in- 

to Hf its Diameter, the Produtt will be that Circle's Area, 

| 45 will appear farther on. Therefore 3,141592653589793 
will be the Area of the Circle whole Diamceier is 2. 


Thus J have ſhew'd the young Ceomcter how to find the Cir- 
ces Ferqphery and Area to what Exactneſs he pleaſes to ap- 
proach; for preciſely true they cannot be found, notwithſtandin 
| the late Pretenſions of a certain Frenchman, who hath publiſh d 
to the World, (in the Works of the Learncd ) that after twenty 
ive Years $1#dy he had found the Quadratu'e of rhe Circle: But 
if he had perus d the 83d Chapter ot Dr. Wallis's Alzclra,he might 
there have ſeen his Error, viz. the {nf ofſibility of what. he pre- 
tended ro; for it is as impoſſible to ſquare the Circle (that is, 
to find its true Arca) as it is to find che Root of a Sid Number, 

Note, What I have here froposd and done by the Triſcction of 
an Arch, may as cofily and much more ſfrecdily Le perform d by 
Quinque ſection or Scpli ſettion, &c. But becvuſe the Scheme for Tri- 
ſection is more fample, and may be caſtr under} won by car ner than 
thoſe of the ather Sections, (of which ſte W Compendium of 
Algebra, Pages 76 and 79) I have for thut Reaſon made Choice 
ef Triſcttion, 9 0 


As to the Proportion of one Ciro, to another, and of the 
Circle to the E ließt, Ec. thoſe ſhall be fully ſhew'd when we 
come to the fifth Part. | | 


222 Before 


np. 


— — 


— 5 __ _ — 
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Before I conclude this Part, I thall make ſome Uſe or Apis | 
cation of the above-found Periphery, in finding the Quantry oi 


Angles, which is done by the Help of Right Lines, call'd Sinn 
and T angents, the Length whereof are Calculated to every Derry 
and Minute of a Quadrant, by much Labour. But I ſhall her 
ſhew how to find the Nætural Sine (and con fequently the Natura] 
Tangent) of any propos d Arch or Angle, by Two «Aquatinn, 
without the Help of any precedent Sine as uſual ; which I did 
ſome Years ago communicate to the Ingenious Mr. Foſeph Ras. 
ſon, and he ſo well approv'd of them, as to make them the 
20th and 21ſt Problems in the Second Edition of his Aua 
Aquationum Univer ſalts. : 

And becauſe in finding the Quantity of Angles, every Ci 
is ſuppos'd to be Divided into 360 Equal Parts, call'd Devrecs, 
every Degree 18 Subdivided into 60 Faris, call d Minutes ; and 
every Minute into 60 Seconds, 8c. (See Page 294.) 

Therefore 360) 6, 2831853 Kc. (0,0174532925 &c. is an 4 
of the above- found Periphery, Equal to the Arch of one Desi. 

And 60) o, 174532925 &c. (o, ooo 2908882 &c. = the 
Arch of one Minulc. 

Then if the given Arch (or Angle) be Leſs than 45 Degree, 
Reduce it into Minutes, and Multiply thoſe Minutes into this 
conſtant Multiplicator, viz. 0,00902908882 calling the Produtt þ 
And for the Sine ſought pur 4 Then it will be 


—ZA444 + I 22444. — 19944 — 3604 + 24054 = 45. 
Example. 
Let it be requir'd to find the Sine of 19* 13 = 11537 
Here 0,0002908882 x 1153 = , 3353940946 = V. 
And — 4* + 4,0247294* — 199,0496114e + 80, 494583. 
= 5,06201394- 


Let ren 
rr ＋ 2re + ee = 44 
T hend 1 + 3rre -þ 3ree = 444 


rrrr qrrre & brree = 4448 


Note, In this Caſe the firfl r may always be taken Equal to th 
Firſt Figure in the Product = p. Viz. here r =O 3 which being 
In volv d as its Powers direct, and thoſe Powers /Aultiplyd unto the 
Re ſpective Co-efficients of the Æuation, it will be 


+ 24,1483+ 80,49 
— 17,9144—119,43e—199,05ee 
2 . + He AY 26355 =5,06201 394 
— 0,008 I=- 0211 — 55A ws 
Viz. 6,3344 371-1955 56201 


Hence 
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Hence 37,97ce + 195, 97 ec = 1, 27239 
And 0, 930 — =p 


Theozem{—— 193 T7 


Operation. 0,193) 0,006492 (0,029>=e 
1 _ & OV 


t. Diviſor „2 2292 
2. Drviſor re logs 
Firſt 7 =0,3 
+ e=0,029 


7 +e=0,329=7 for a Second Operation. 


Which being Involv'd and Multiph d, Oc. as before, will 
| produce th theſe Numbers. 


e v0 80,49458e 
7 6 1453255 Tre ee, 
+ 01432750 1,30692e+ 3, 9 2ꝗee 


— 001171611 — 0,14244— 0,6494ce 

} 12.5,06899854— 49,31 5586—195,7266re—5,06201394 
Hence 49,31558e ＋ 195,7266ee = ,0069846 ; which being 

| Droided by I . the Co- efficient of ce will become 


„251966 ++ ee = « ee =D 
Then 


425196 TF * 


Operation. o, 25196) 9000336854 (0,,001415=e 
+ e= 0,00014 


I, Diviſor 0,2520 > 
2, Diviſor 0,25210 100840 
40140 
25210 
Laſt r , 329 Tec 
erg, 001415 


r+em= 4==2,3291415 being the Natural Sine of 90. 13“ 
As was requir'd. 


Thus you may find the Right Sine of any Arch or Angle Leſs 
than 45 Degrees. 


But 
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But if the given Arch be Greater than 45 Degrees, you mul 


take its Complement to go. iz. ſubſtract it from 90 Degree, N 


and Reduce the Remainder into Minutes, As before. 
Then Multiply the Square of thoſe Minutes. into this con 

Multiplicator, 0,000000084616 calling their Prod} 

putting 4 = the Sine fought, As before. Then will 


4* ＋ 284 ＋ 19548 ＋ 3004 + 108pa— 284 196 —8ʃ 


Example. 

Suppoſe it were requir'd to find the Sine of 759. 32“. Or (ulis 
2s the ſame thing) to find the re, of 14. 280. = 868' whoſe 
Square 553424 * 0,000000084616 = 0,6375 172518 — 
Hence the «Equation in Numbers will be = 7 

a4 ＋ 28444 + 197,29506244 — 21,1148144 = 
= 190,8361102583 


ant 


5, and 


Let — 24 And r=1 
VT 270 + Ee = 4k 
Then rr — grre & 3ree= 4448 


rrrr = ꝗrrre & Orree = A448 


Note, I here tale l becauſe the Arch is ſo ncar 10 53) 
and therefore I make it r -c = 4. 


1 21,1148 2 
197, 2956— 394,59 T 127, 29 % „ 15 
Then 51 28,0000 84,00 84.00ce = 1 90,8361 
+ _ 1,9900 470 f  6,00cc 
ig., 205, 1808—401,48e-+ 287,29: = 190,8301 
Hence 461,48e — 287, 2964 = 14, 3447 


And 1, obe — ce = ,049939 = 
Theozem 2e 7845 
C 1,606 — 4 


Operation. 1,696) 049930 (0,31 — e 
en 471 ; 
1. Dirviſor 1,57 2830 Firſt v == 1,000 


2. Divi ſor 1,575 1575 ; — = 0,031 
&c. 7 — £==0,909 =! 


for a Second Operation; which being Involu'd as belore, wi 
produce thele following Numbers. Es | 


A 
_ 2 


Part l cha 


d 5 ph — . 1 
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20, 460254766＋ 21, 1148 10 | 
FF -+185,252358710—382, 357836 ＋ 197, 295 ler 
+ 25,475889852— 78, 8727 20 81,596Qce 
+ 0, 881647759 — _ 3,63941e+ 3 ee 
| Viz. 191, 14905 1515—443,7551 56 1 284,524 8e 
2190, 836110259 „ . 
Hence it will be 443,755 156 — 284, 5 248ce 20, 313541256 
And 1, 559636 — er =,001101982h22 > 


e 


_—_ 


1 D OE 
1,55963—e | 
()peration. 1,55963) 0,001101g821. (0,0007008 ee 
| — & = 0,99970 109 123 
1. Divi ſor 1,5580 1975 210: 
2. Diviſor 1, 55893. 935358 _ 
| 1398520 
Laſt r 20,969 1247144 &c. 


— e = 0,0207068 
c c So, 9682932 the Sine of 75* 32. N was requit d. 


Having found the Sine and Cone of any Arch, the Tangent 
is uſually found by this Proportion; 


yi. $ As the Crefine of any Arch: ic to the Sf that Arch :: 
"LC ſo is the Radius: to the Tangent of the ſame Arch. 


For ſuppoſing B C D Radius, AC the Sine of. the Arch 
CD. Then B A is the Co- ue, and < E 
FD the Tangent of the ſame Arch. Cf 

tur BA: CA:: BD: FD, &c. E. | 


Now by this Proporiion, there is 5 
Nequir d to be given, both the Sine 


and Cine of the ſame Arch, to = 
kad the Tangent. : B A ÞD 


TY WR NR ; 
either the Sine or the Co-fine be given, the other may be found 


Thus, / OBC—-nOCA=BA. Or HBC GAS CA. 


Bat if either the Sine or Co-fne be given, the Tangent may 
(! preſume) be more Eafily found by the following Theorems. 


„. L Let 
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Let BCI. CAS. BA=x. and FD=T. Then 


| if S be given, T may be found by this 
$$ 
Cbeoꝛem / —<=T 
Or if & be given, T may be found by this 


Cheoꝛem / r 


-r 


Let the Sine of 197. 13“. (before found) be given, vi. 
0, 3291415 =. To find T the Tangent of the ſame Arch. 


Firſt o, 3291415 K, 3291415 , 108334127 . 
Again Segen * 5 7321 — 8. 
Then o, 891665873) o, 108334127 (o, 1214963253 
And , 1214963253 2 , 3485632 = T, the Tangent 
of 19. 130. As was requir d. 
And ſo yeu may proceed to find T the Tangent, when 
x =the Cone is given. 


Perhaps it may here be expected, that I ſhould have ſhey'l 
and Demonſtrated (or at leaft have _ the Proportions from 
whence the foregoing e/£quations for making Sines were pri- 
duc'd ; but I have Omitted that, as alſo their Uſe in computing 
the Sides and Angles of plain Triangles by the Pen only, (vit. 
without the Help F Tablet) for the Subject of another Diſcow(: 
hereafter, if Health and Time permit. 

In the mean Time, what is here done may ſuffice to ſhey, 
that the making of Sines by ſuch a Laborious and Operoſe Way, 
as was formerly uſed, is in a great Meaſure overcome, which, 
T think, I may juſtly claim as my own. 


. 
: — 
4 — 
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CHAP I. 


Definitions of a Cone, and its Sections. 


2 are ſeveral Definitions given of a Cone: The Learn- 
ed Dr. Barrow upon Euclid hath it thus: 

A Cone (ſaith he) is a Figure made, when one Side of a 
© Rectangled Triangle, (viz. one of thoſe Sides that contain the 
Right * le) remaining fix'd, the Triangle is turn d round 
about, till it return to the Place from whence it firſt mov'd. 
And if the fix'd Right Line be equal to the other, which 
® containeth the right Angle, then the Cone is a Rectangled 
* Cone; but if it be Leſs, it is an obtuſe angled Cone; if 
„Greater, an acute angled Cone. The Axis of a Cone, is that 
* fix 4 Line above which the Triangle is moy'd. The Baſe of. 
2 Cone is the Circle, which is deſcrib'd by the Right Line 
* mov'd about, (Defin. 18, 19, 20. Euclid. 11.) . | 

Sir Jonas Moor, in his Treatiſe of Conical Sections, (taken 
eut of the Works of Mydorg ius) defines it thus: Os 

* If a Line of ſuch a Length as ſhall be needful, ſhall upon 
" a Point fix'd above the Plain of a Circle, ſo move about the 
i Circle, until it return to the Point from Whence the Motion 
e begun, the Superficies that is made by ſuch a Line, is call d 
„ 2 conical Superficies, and the ſolid Figure contain'd within 
C that Superftcics and the Circle, is call'd a Cone. The Point 
remaining ſill is the Vertex of the Cone, Ce. 5 

a e Altho 
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Altho' both theſe Pefinilions are equally true, and, with ; 
little Conſideration, may be pretty eaſily underſtood ; yet! 
ſhall here propoſe one, very different from either of them, an), W xx 
as I preſume, more plain and intelligible, eſpecially ro a Learn, W <.,. 

If a Circle deſcrib'd upon ſtiff Paper (or any other pliable My. 77 
erg of what Bigneſs you pleaſe, be C into Two, Three, or more Net 
Sectors, either Equal, or unequal, and one of thoſe Sectors be ( 


Roll'd up as that the Radius may exactly meet each other, it 10 
will form a Conical Superficies. | 
That is, if the Sector HV be If 
cut out of rhe Circle, and ſo roll'd | 
up as that the Radiusg's VH and 1 
may juſt meet each other in all — 
their Parts, it will form a Cone, and be! 
the Center V will become a Solid | "Il 


Piint, salfd the Uextex of the 
Cone; the Radius VH being every H 
where Equal, will be the Side of 
the Cone, and the Arch HG will | 
become a Circle, whoſe Area is 
call'd the Conce's Baſe, 


A Rioht Line being ſuppos'd to paſs 


from the Vertex or Point V, to the Center 1 
of the OCnc's Baſe, as at C, that Line 1 
(viz. VC) will be the Aris, or Per- . 
Fendicular Height of the Conc. | Cor 
If a Solid be exactly made in ſuch a | Al 
Form, it will be a compleat or perfect In. 
Cone ; which I thall all along call a Right | An 


Cone, becauſe its Axis C ſtands at Right 
Angles with the Plain of its Baſe H C, 
and its Sides ate every where equal. 


Any Cone whoſe Axis is not at Right Angle 
with the Plain of its Baſe, may be properly 
call'd an Imperſett Cone, becauſe its Sides are 
not every where equal (as in the Annexed 
Figure) Now, ſuch an imperfe& Conc is uſu- 
ally call'd a Scalene, or Oblique Cone. | 


Any Solid Cone may be cut by Plains, (which I ſhall all ain 
ler call Right Lines) into Five Sections. 


Sel 
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Sell, 1. 


If a Right Conc be cut directly through its Axis, the lain or 
S»perficics of that Section will be a plain 1ſ"ſ-:les Triangle, as 

VG Figure 2. v12. the Sides (HY and V GC) of the Cone will 
te the Sides of the Triangle, the Diameter (FIG ) of the Conc's 
Baſe will be the Baſe of the Triangle, and (VC) its Axis will 
be the perpendicular Height of the Triangle. 


Sect. 2. 
If a Right Cone be cut (any where )Off by a Right Line paral- 


Jel to its Baſe, as h̊ g (it will be caſy to conceive, that the Plain 
of that Section will be a Circle, becauſe the Cone's Baſe is ſuch ; 
wherein one Thing ought to be clearly underſtood, which may 


be laid down as a Lemma to Demonſtrate the Properties of the 
following Sections, | 


If any Two Right Lines Inſcribil within a Circle, do 
cut or croſs each other (as hg doth bb in the An- 
Lemma need Figure) the Rectangle made of the Segments of 
one of the Lines, will be Equal to the Rectangle made 
of the Segments of the other Line, (ſee Theorem 15. 


Fare 315.) * 


That is, hax 29a=ba xab?.. 
And HAxGA=BAX ABS 


| Conſequently if ba—ab Ax 2 
And if BA= AB. | | 5 
Then it will be, hax24= Db. 


And in the Cone's Baſe HAx A= NBA. 7 E aq 


Sekt. 3. 5 


lk a Right Conc be (any where) cut Off by a Right Line, that 
cuts both its Sides, but not parallel to its Baſe (as T S in the 
| following Figure) the Plain of that Seflion will be an Ellipfs 
(vg arly calPd anOval ) viz. an Oblong or imperfe& Circle, which 
hath ſeveral Diameters, and Two particular Centtrs. That is, 


1. Any Right Linc that Divides an Ellipfs into Two Equal 

Pirts, is call'd a Diameter; amongſt which, the Longeſt and the 
tft are particularly diſtinguilh'd from the reſt, as bcing of 

5 general Uſe ; the other are only applicable to particulac 
ales, 


A4 2 2. The 
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F 2. The longeſt Diameter (as TS) is calld the Tray Tm es 


Diameter, or Tranſucrſe Axis; being 1 
that Night Line which 2 draun ene F 74 
the Middle of the Ellifſs, and doth ſhew in t 
or Limit its Length. othe 
3. The jrorteſt Diameter, call'd the may 
conjugate Diameter, is a Right Line 
that doth interſect or croſs the Tranſ- 4. 
verſe Diameter at Right Angles, in the Pin 
middle or common Center of the Fl- Axt 
lipfs, (as Nn) and doth Limit the /e, uu. u, diſt. 
Elliſſis Breadih. H: „et 
4. The Two Poinis, which I call INS” * 


particular Centers of an Ellipfis, (for 4 
Reaſon which ſhall be ſhew'd farther on) are Two Points in the 


Tran ſverſe Diameter, at an equal Diſtance each Way from the WF 4? 
Conjugate Diameter, and are uſually call'd Modes, FOcuss MW * 
or larning Points. 4 
5. All Right Lines within the El/iffs that are parallel to one 
another, and can be Divided into Iwo equal Parts, are cad 
Ozdinates with reſpect to that Diameter which Divides them. ; 
And it they are parallel to the Conjugate, viz. at Right Ang WW | 
with the Tranſverſe Diameter, then they are call'd Ordinam Wi its 
righi'y apply d. And thoſe Two that paſs through the Foc: WM bei 
are remarkable above the reſt, which being equal and ſituate! WM the 
alike, are call d both by one Name, viz. Latus Refum, W it 
or Right Parameter, by which all the other Ordinates are Ren-. er 
{atcd and valued 5 As will appear firther on. 0 
| | tha 
wk 4 r | 15 C 
Sect. 4. . 
If any Cync be cut into Two Parts, by a Right Line parallel v 
one of its Sides, (as SA in the following Scheme) the Plain dt wi 
that Scclion (viz, SHB ABbS) is call a JParabola. = 
| 7 
1. A Ries Linc being drawn through the Middle of any Fa-: Wi of 
lola, (as A is call'd its Avis, or intercepted Diameter. - 
Tin 
2. All Nigbt Lines that interſect or cut the Axis at Right A": Bi 21: 
wes, (us BB, and bb are ſiffos'd to cut or croſs SA) are call Wil tr 
Ordinates Kightly afplyd, ( as in the Elli) and the rc 
Ordinate, as BB, which Limits the Length of the Paraboli 1 
3 


Axis (SA) is uſually call d the Brſe of the Parabols. 


3. That 


— 
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ing Point of the Parabola, is call'd the 
Latus Rectum, or Night Parameter (as 
iy the Ellipfps) becauſe by it all the 
other Ordinates are proportion d, and 


may be found. 


4. The Node, Focus, or Burning 
Pint of the Parabola, is a Point in its 


Axis (but not @ Center à in the Ellipfs ) 
diſtant from the Vertex or Top of the 
Þ S:(on, (viz. from S) juſt one Fourth 
Part of the Latus Rectum; as ſhall be H- 
E ſhew'd farther on. 


z. That Ordinate which paſſes through the Focus, or Burns 


V 


AN ore 


5. All Right Lines drawn within a Parabols parallel to its 


Aris, are call'd Diameters ; and every Right Line that any of 
| thoſe Diameters doth Biſſect or cut into Two equal Parts, is ſaid 
to be an Ordinate to that Diameter which Biſſects it. 


—— — 


Scct. 5. 


If a Cone be any where cut by a Right Line, either parallel to 


1. A Night Line being drawn tho- 
rough the Middle of any Hyper bola, dig. 


within the Section, (as SA, or x N) 1s 


all'd the Axis or intercepted Diame- 
% (4s in the Parabola) and that Part 
of it which is continu'd or produc'd 


out of the Section, until it meet with N 0 
Wer 


the other Side of the Cone continu'd, 
"72. Te, or Tx, &c. is calld the 


its Avis, (as SA, or otherwiſe as x N.)1o as the cutting Line 
being continu'd through one Side of 
the Cone, (as at S, or x) will meet 
with the other Side of rhe Conc, if it be 
| continu'd or produc'd beyond the Ver- 
tex J, as at T. Then the Plain of 
| that Section (viz. the Fiaure SHB BUS 


iscalld an Ppperbola. 


ranſverſe Diameter, or tran ſver ſe Axis of the Hyperbol.. 


2. All Right Lines that are drawn within an Hyperbola, at 
fight Angles to its Aris, are call d Ordinates Rigi tly Afply' d; 


4.41 the Ellipfs and Farabola. 


3. That 


bo — 
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2, That Ordinate which paſſes through the Focus of the H. piſh! 
ferbela, is call'd Latus Retlum, or riabi Parameter, for the fim he 
Reaſon as in the other Scctions. Lola 


4- The middle Point of the Tran ſwerſe Diameter is cali MC”! 
the Conter ot the Fyperbola, from whence. may be drawn 7. M92 P 
Right Lincs (out of the Section) call'd Alymptotes. becaus the 
they will always Incline (that ts, come Nearer and Nearer ) * mn 
both Sides of the Fiyperbola, but never meet with (or touch 
them, altho' both they and the Sides of the Hyperbola were |, 
finely extended, As will plainly appear in its proper Place, 116 


Theſe Five Scclions, viz. the Triangle, Circle, Ellipfes, Par. wh 
bela, and Hyferbola, are all the Plains that can poſſibly be pr. 
duc d from a Core. But of them the Three Laſt are only call; 
Conicꝶ Scctions, both by the Ancient and Modern Geometer;, 


Scholium, 


Beſides the foregoing Definitions, it may not be amis to 
Add, by Way of Obſervation, how one Settion may Cor ratlr 
doth ) change or degenerate into another. 

An Ellifpf's being that Plain of any Sc:iz0n of the Cone, which 
is between the Circle and Paribola, it will be eaſy to conceive 
that there may be great Variety of E!lipſcs produc'd from the 
ſame Conc ; and when the Se: ien comes to be exactly paralle 
to one Side of the Cone, then doth the Ellipfs Change or Degen. 
rate into 2 Pirabole, Now a Paraiols being that Scction whoſe 
Plain is always exactly Farallel to the Side of the Conc, cannn 
vary as the EAſñᷓ may: For fo ſoon as ever it begins to Mi! 
out of that Potion, (viz. from being parallel io the Cone's Sit 
it Degenerates cither 15 1n Ellipfts, or into an Hyperbola. Thit 
iS, if the Scl uneins towards the Plain of the Cone's Baſe, i 
becomes an E; bur it it incline towards the Cone Vertex, 
it then becomes an Hypcrbola, which is the Plain of any Seth 
that falis between the Farabola and the Triangle. And there 
fore there may be as many Varietics of Hyperbolg's produc! 
from one and the ſame Cone, as there may be Ellipſes. | 

To be brief, a Circle may change into an Ellipfes, the EI. 
into a Parabolz, the Parabola into an Hyperbola, and the Hf 
bols into a plain Iſaſceles Triangle. And the Center of the C 
which is its Focus or Burning Hint, doth, as it were, part or Di. 
vide itſelf into Two Focus's ſo ſoon as ever the Circle begins t 
Deng eie into an Fllipfs ; but when the Ellipfs Changes ut 
a Fal cla, one End of it flies open, and one of its Focus i 

£4 nl (5, 


» 
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piſhcs, and the remaining Focus goes along with the Ferabola 
when it Degenerates into an Hypcrbol.i, And when the Hyper- 
lola Degenerares into a plain /oſceles Triangle, this Focus be- 
comes the vertical Point of the Triangle, (vis. the Vertex of the 
One.) So that the Center of the Cone Baſe may be truly ſaid 
to paſs gradually through all the Scttions, until it Arrives at 
the Vertex of the Cone, ſtill carrying its Latus Rectum along with 
jt. For the Diameter of a Circle being that Rizht Line which 
pulſes through its Center or Focus, and by which all other Night 
Lines drawn within the Circle are Regulated and valued, may 
I preſume) be properly call'd the Circle: Latus Rectum; and 
altho' it loſes the Name of Diameter when the Circle Degene- 
rates into an Ellipfs, yet it retains the Name of Latus Rectum, 
with its firſt Properties in all the Scctions, gradually ſhortenin 
ds the Focus Carrees it along from one Seclion to another, — 
at laſt it and the Focus become Coincident, and terminate in the 
Veſtex of the Conc. | 

| have been more particular, and fuller in theſe Definitions, 
than is uſual in B. of tkis Subject, which I hope is no Fault, 
but will prove of Uſe, eſpecially to a Learner ; and altho' they 
ay perhaps ſeem a little ſtrange, and at firſt hard to be un- 
Werſtood, yet when they are well conſider'd and compar'd 
With a Cone, Cut into ſuch Scttions as have been defin'd, they 
vill not only be found true, but will alſo help to form a true 
end Clear Idea of each Scttion. 


* * ___ 


nn” OI. 2 — 


CHAP. II. 


Concerning the chief Properties of an Cllipſis. 
Note, If the tran ſverſe Diameter of an Elliſſs, as T S in the 


lowing Figure, be inter ſettcd or divided into any 1wo Parts by an 
rdinate rightly afflyd, as at the Points A, C a, &c. Then 
re thoſe Parts 7 A, TC, Ta, and SA, SC, Sa, &c. nſuady 
411d Al ſciſſa's, (which fronifies Lines or Parts cut off) and by 
he Rectangle of any two Abſciſſa's, is meant the Rectangle of ſuch 
wo Parts as, being added together, will be equal ie the tranſuer s 
Wmetcr. 


As TA+SAZTS. And TC+5C=TS, 
Or TA+SASTS, &c. 


i © James 
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— — 


* 


Seclion I. ( 
VERY Ellipfs is proportion d, and all ſach Lines as c= 
to it are Regulated by the Help of one general Theorem, * 


As the Reclangle of any Two Abſciſſas: is 1 1) 


3 Square of half the Ordinate which Divides them. 
chene. So is the Rectangle of any other Two Abſciſſa's:T, 


the & quare of half that Ordinate which Divides them 


1 * 
That is, | 1 
TAN SA: BA:: Ta X Sa: nba 0 The 
TAX SA: UBA:: TC Xx SC: NC of” 
TC x SC: ONC:: Ta x Sa: ba 12 
&c. 150 C 3 | 
Demonſtration, B Con 


Let the annexed Figure repreſent a Niob. own WW 4 i 
both ies Sides by the Bee Lie T's 2 Go 
then wilt the Plain of that Section 
be an Elliffs, (by Sect. 3. Chap. 1.) 
T will be the Tranſverſe Diameter 
NCN and bab will be Ordinates 
Rightly apply'd, As before. | 

Again, if the Lines Dd and Kk 
be parallel to the Coxe's Baſe, they 
will be Diamcters of Circles (by 
Sc. 2. Chap. 1.) Then will KTC 
and TaD be alike. Alſo A & ad 
and ASC will be alike. 


Ergo IIS: d:: S C: C. = 
Ana 2 TC:CK:T oral, Per Theorem 13. in 
I 3X CD Ad x SC | 
2 AUT CK=TC x aD | L 
2, X 3|5|SexCixTaxCK—adxSCxTCXaD. Per Axim he 
But|6]CK x CH qo NC p | | 
And [p|aDxad=f0 ba er Lemma Sell, 2, . 
Then] for CKXx C, and aDx ad, take ANC, and mb a 
5, 6, 7,18| SaxTax ONCE=TCx SCX ba. Per Axiom 5+ 
ence!g 


Sa x Ta: la:: IC x SC: NC. See Page 19 
— * — Q. L. 


0 


* 


— es — 


n 2 " ꝗ—Z22 — — R —U—⸗ — — 


— — — 
EF JO . 
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Or the Truth of theſe Proportions may be otherwiſe prov'd by 
a Circle, without the Help of the Cone. Thus; 

Let any Ellis be Circumſcril d and In ſcril d with Circles, As 
in the following Figure. Then from any Hint in the Circumſcri- 
bed Circle's Icriphet), as at B, draw the Ri bt Line Ba, parallel 
to the ſemi-conjrgate Diameter NC, then will la be a ſmi- ordi- 

nate Rivbtly Apply d to the Tranſverſe Diameter TL, as before. 
Again, from the Pint b in the Ellis reriphery draw the 

5 Line bd, parallel to the tranſverſe S; and Draw the 
Nudius BC. 


Then will AB Ca and A C fd be alike . 


— —— — 


= BC: BetiC P74 . . ts, 
Therefore | I Per Thom f 5 A 
I C=BC: NAT 

But ; and 2 =4C J "T 


— 


2 
Conſeg. | 3]TC:Ba:t:NC:ba : 
Or |} 4|jTC:NC::Ba:ba 
J 
6 


4 in s OTCONCGO Ree 

| t a X $4— UBA 

, Bot { Per Lem. Sekt. 2. Chap. l | 
Ta xXx S4: A:: ICN SCS NTC: ONGC 

a As before. | 

4 And fo for any other Ab ſciſſas, and their Scmi-ordinate. 

> Theſe Proportions being found to be the true and common 

WF 17 crtics of every Fllip/s, all that is farther requir'd in (or 

ic) that Scion, may be eaſily deduc'd from them. 


Therefore &4 


Sect. 2. To find the Latus Reffum, Or Right 
q Parameter of any Ellipſis. | 


here are ſcveral Ways of finding the Latus Pectim; but I 
ink none ſo eaſy, and ſheus it fo plainly to be the Third 
Vac al Line in the Ellipfs, as the following T heoren:. 

| l As the Tranver ſe Diamcter : is in Prepbrtion to the 
-Jeo2em.) Conjugate :: So is the Conjugate 5 To the Latus 
Rectum. | 


e. (in the follo wing Figure) TS: Nn:: Na: LR the LatusReflum, 


Demonſtration, 
From the laſt Proportions take either of the Antrecdents, and 
* Conſequent, Vie, cither TER oy ANC. Or Tax Sa: 5s 
BH 2 7 d x ail: 


* 
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and ma de Third Term, to which find a Fourth Frepo. 
71%, AA it will be LR: 


Thu | 7 TCxS VC: TSLR N | 
But 207 And NC=Cn 1 — Th 
Therefore | 3 TC X ICSI A a 
And] 4j ONCE DN TF e 
1, 3, 4] 5 10 T N«iTSLR 1 
1 | 10 {Sx LRS D \nxTsS R 1 * 
6 Xx 4] 7| ODTSXLR=ONaxTS IL 6, 
- CT 8 SCN LR Vn 75 
N Which gives the following Analgry. 8 
vz. 9 TS: Nu:: Nu: LR 
1 TC X SC: HNC:: Ta Xx S4: 4. ? 
Again +4 i by common Froperntes. wh 
1, 1ONET S{LR:iFoexSe:008 Jan. 
From hence it's eie, that LR thus found, is that Of 
nate by which the other Odin may be Regulated and found * 
Therefore (accordiug to its Definition Seft. 3. Chap. x.) it is H = 
true Lalus Rectum. Q. F. D. 
b On ſectary. ts 


Hence it follows, that if the Tranſverſe, and Gnju ate Dis 
meters of any Eiliſſi. are given (cither ia Lines or Numbers) dle 
Latus Retives may be eaſily found; and then any Ordiuat, 
whoſe Ditlance from the Crjrratc is given, may be foun, 
As above. 8 8 


Sect. 3. To find the Focus of any Ellipſis. 

The Feu is the Diſtance of rhe Lu Rectum from the Cn. 

gate or Middle of the E iſſs, (vide Definition 4. ige 3 

And that Diſtance is always a Mcan Proportional between t. 

Half Sum an Half Difference of the Tran ſoerſe and Conus 
Drameters, which gives this Theorem. 

| From the Square uf half the Tranſ verſe, ſulſtracl. 

Theozem. Sf „Are of half the Conjugate ; the ſquare Raul 

ther Difference will be the Diflance of catch Fu: 

from the midilie or common Center of the Elliffs. 


That is, ſuppoſing the Points fand F, to be the Tuo Foc: 
viz. f C= and IC IS. NC=4 Nn, The 
IC NC: C:: FC: TIC NMC. Ergo FCS QTC—0) 
Confequently, FE=v/ HTC OaNC Tr 
3 4-0 Demonſtratis 


a 


I9 
12 


A LR 
1 2 Je Ten LR = 
2 N C.= 
+ 80 CF= TCO 
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Demonſtration. 


Finſt ITK x LRS U Nn. By of 


And2JTS:LR::TFxXSF:o 


4 


Ga LRXT = 


MF oM'1--DOCFxLR 
LR x TS SUT 


DN UNC 


3174 —8CF 
NC 


 w 29C Fa v/ DO 1C—OANC 


Strfs of the laſt Proceſs. 


Jer common Properties. 


Thatis 37's LR::TC  CFETC—CF: LOLR=0O LF 


N 


Turbo 


172 


Now from hence is deduc d that Notable Propoſition, upon 
hi h is grounded the uſual Mcthod of Deſcribing an Ellipfis, 


3 uy 2 
Hence 


Conſe. 
Bur 


Fir 


Again 


— — — 


1. 53 9.5 


— 


and Drawing of Tangcnts, 


| prpottion.} 


— 


ta 


&. 


from the Ts Focus s of any Elie there be 
drawn Tu Right Lines, ſo 4s 19 mect each other 
in any Pint of the Ellipfes s Periphery, the Sum 
of thoſe Lines will be Equal to the Tranſverſe. 


V. fNxXNFETSSL+LFElS. ONT ARE T Ol IS; c 


Demonſtration. 


FOCFx ONC=OTC 


Cy 8th of the laſt. 
COLES ACS 0 VF 
Th 07014 IN 
To NF=Dotc 
b by Aviom 5, 
NF—TC 
20 2 T CTS 


TS: £851 
ee Aae 


TS: LR: : TFX FS: LF. By common Propertic. 
TFxXFS:OLF 


L F 


TC: LF: TC CFxTC— c: LF 

Ong LEP 8 corem 11 
— „ NR . 

Meter 1 2 F 

\TCxLF=40 TC=40CF 

TC TLF SIL XLF. L 

ic Tee 


13 2 
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13 214210 — LF IL 8 
14+LF|15]2TC=fL+LF. But 2TC=TS the 
Eu I|LxXLj=TS. — Q. E. D. tc 


And this Prepoftion muſt needs hold true to every Point in cit 
the Ellffis Periphery, viz. at B. &c. as will evidently appen i 


to any one who rightly conſiders, That bet 

As a Thread juft the Lengib of the Diameter of any Crrele, | 
having its Two Ends ty'd together, and then Mov d about! Vi 
Point in the Center, (tz, by mating it à double Radius) will 
by drawing another Point in its Extremity, Deſcribe the Peri WW .. 
Phery of a Circle vide Definition Page 280.) Evenſo, of 

It a Thread, j»ft the Length of the Tranſverſe Diameter (TS) kee 
having its Two Ends ſo fix d upon the Two Focus's, (Fand Hu 
that it may be Mov'd about them, by drawing a Point in is de 
E-etremity, (v12. at its full Stretch) it will Deſcribe the true WF 2 
Periphery of an Ellipfs. | 

Now although this cy Way of deſcribing, Or, as uſually 
Phras'd, drawing an Ellis, be Mechanical, and Known even | 
to moſt Toyners, Carpenters, &c. yet it gives as compleat and y 
Clear an Idea of that Figure, as any other Way whatſoever; % 
and by deſcribing it thus about its two Focvs's, as a Circle s WE ,, 
about its Center, doth plainly ſhow thoſe Tw9 Fornts are not in- 1: 
properly call'd particular Centers in Definition 4. Sect. 3. Chap. l. 55 
For each of them bears much the ſame reſpect to the Eilipf WW q; 


Periphery, as the Circle's Center doth to its Periphery, 


In nn 


Set. 4. To deſcribe, Or delineate an Elliſſi ſeveral Ways. 
There are ſeveral (other ) Ways of Deſ-ribino an Ellißſs, both 


Geometrically and Numerically, according to peculiar Occaſions; 
but I ſhall only mention Two or Three of them, leaving the reſ 
to the Lezrner's Genius, Now in order to that Work, it will 
be convenient to conſider what Lines are Requifite to Limit ot 
bound its Form, which I take to be chiefly rheſe following. 


1. If rhe Tranſverſe and Conjugate are given, the F/ is 
perfectly Limited, (vide Conſeitary Page 363.) For if T Sand 
Vn, be ſet at Right: Angles in their Middic at C, and T Cor 
CS, be ſer off from NM, or , both Ways upon the Tranſverſe 
to F and F; (viz. make f N=TC=NF) then will thoſe 
Points fand F be the Two Focus's, (by qth Step of the laft Proceſs) 
and then the Ellipfs may be Deſcrib'd as above. K 
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2. If the Tranſverſe Diameter and Latus Rectum are given, 


the Ellipfs is truly Limited, becauſe by them the Conjuzate may 


be found, by Seck. 2. 


2. Or if only the Tranſverſe, and the Proportion it hath 


either to the Conjugate or Latus Rettum, be given, the Ellipfs 
is thereby Limited: As for Inſtance, ſuppole the given Ratio 
between the Tranſverſe e to be, As 4: to d; 
S* 5 


Viz. 2: d:: TS: Nu, then 


=Nn, &c. 


4. If either the Tranſverſe, or Conjugate, and the Diſtance 
of the Focus from the Conjugate be given, the Elliffs is Limited, 


| becauſe by them the Conjagate or Tranſverſe may be found. 


Theſe being premis d, and the precedent Work a little conſi- 


| derd, it muſt needs be Eaſy to Deſcribe, or Delinate any Elliffes 
in Plano, either Geometrically or Numcrically. 


1. To Deſcribe an Ellipfs Numerically by Points. 
Suppoſe the Tranſverſe Diameter T S = 20 and the Onjugate 


Vn 12, (cither Inches or any | 
| other Equal Parts) and let them Na pi 


| croſs each other at Right An- 1 
ges in their Middles, As in the FE £72: 
Then will TCS CS= 10. bs 1 & 


C 123:::::: 
And it will 20: 12: : 12: 7,2 2 


| = the Latus Rectum. na hd 


Again 20: 7, 2 Or rather take their Katio 

1: 0, 36: : 10 + 1 x 10—1: 04. U 1. 
wa 056 27 10 2 X. 10-2 Ob. 2. 

1: 0,36: : 10 +3 x 10 —3: Cd. 3. Kc. 


100-4 x, 36 U. 2. * 96 *, 365,88 Kc. = 5.2 
100-9, 36 Ud. 3. v g1 x0, 36=5,72 &c. d. 3. 

If fo many Semi- ordinates as may be chonght Onvenient (the 
more the better) be found in this manner, and every one of them 
be ſet Off art Right Angles from its reſpective Point in the Tranſ- 
verſe Diameter each Way; viz. from 1 to a, from 2 to b, 
from 3 to d, &, Then if a Cirve Line be carefully drawn 
with an even Hand, through thoſe Extream Points a, b, d, &c. 
it will be the Ellipfs Periphery requir'd, 


100—1X0,36=[14-1. Hence 99X0,36=5,97 &C-m= 6.2, 
Vis. 


2. To 


274 CTConick Sections. Par ir 
2 "_ 


2, To Deſeribe an Elliffs Geomelrically by Prints. 


4 

Having the Tran ſ verſe and Conjurate Diameters given, vie. J, 4 
and Nu, plac d a Night Angles in tlieir Aiddles, As before. [ 
Then from either End of the Conjroate, vis, NM Cor u) i 


* 


off half the Tranſverſe Diameter . 
to x. That is, make Vx =TC | * « 
(continuing the Congurate Vn, ben , : FF 
it is ſhorter than T C) Or, which * | =o 
is all one, make Cr =T C— NC. 1 71 AY 
Then take any Pont in the Line * 1 1 it 
Cx at Pleaſure. Suppoſe it at G, 8 015 © Wer 
and from that Point at C ſer en ile 
Off the Diſtance 0 the n ti. 
Tranſver ſ-, as at E, vis. make CE =Cx, and join the Pint E* 


GE with a Right Line, produc'd fo far beyond E, as to make 
EB=NC. Conſequently GB==T C, | 

Then, I ſay, that where-ever rhe Print G was taken betweer 
C ani x, the Point B will juſt. touch (or fall in) the Elligfe" 
Periphery. 5 
Demonſtration. 
Draw the Night Line B A Perpen ticular to T &. V. 


Let B A be a Semi-orndindte rightly afplyd to the Tranſuo| 
Diameter TS. Then A GCEand A BAE will be alike, lf = 
Conſcquent. ] CE: A E: G: EB. By Theorem 13. bet 
1, And] CE +AE:AE::EG+EB:ER See Par. 192 ſen 
But] JCE + 4E =CA.KEG x EBC. And EBM 
Therefore|, CA: IE:: TC: NC | Ah 
6 in Of Dr ο , ” 
55 „ 2 3 AE Ins, 
5. £14 WW * TC 75 
But Jo NC- ARA AA T4 
; nay OEtB—nAB—_EnAf ** 
8 20 2 C- AB call 
| - DTC 1 It n 
8 * TCS CA NX TC: o4 x 00M 
9 iq dc, NTC. —oCc4xoONC=nd8sxoOlmll +4 
10, Analog\[11 TC: NC:: OTC - CA: A Eng 
That 18412 ICxCS: DO NC: 4 {4 CA X 10 — CA: 045 bor 


Which is according to the common Properties of the | Ellipfe. 
Theretore the Point B is truly found, * QE D. 


Hence 


R 
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— — : — : — — 9 
” Hence it follows, that if a convenient Number of ſuch Lines 
E, be ſo Drawn (as above diretted) from the like Num- 
1 Points taken between C and a, &c. their Extrcam Prints 
[us at B) will be thaſe Fine by which (with an cven Hand) 
by Elifj/is may be truly Deſcribed) As before. 
But if this be well underſtood, it will be very Fa hy to Con- 
ie how to Deſcribe an Ellitſs very readily, without drawin 
thoſe Lincs, by having a 7 hin, Sire ht, narrow Ruler, juſt the 
@.cnz:h of T. C, made ſomcwhat Sharp at bath Ends, upon 
ich, from one of irs End, ſer O the Length of NC. Then 
de Fat upon the Ruler which repreſents E be gradually 
pr ciſily Ao along the Tranſverſe TS, and at the ſame Time 
wc Vit or End repreſenting G be kept ding cloſe along 
tie (vnju7ate N n, tis evident from the Work above, that the 
lot the Ruler repreſenting B, will, by that Motion, afſizn 
ie true /criphery of the Fllipfs requir'd. For by that Motion 
the Strer ht Edge of the Ruler doth ſupply an Infinite Number 
of = aforeſaid Lincs ; As will appear very plain and ca ſy in 
Praktice. . 


F. holium. 


No from hence was Deduc'd the firſt Invention of that welt- 
contriv'd Inſtrument for drawing an Ellis by one Motion, 
commonly cajl'd the Fliiftical Compaſſes, being ulually made 
pot Braſs, and compos d of Three Parts, ' Two of which repre 
ent (or rather ſuppiy) the Tran ſver(e and Conjreate Diameters 
ict together at Xi Aaoles; and the Third Part is a Moveable 
ler, which performs the Office of the laſt mention'd thin 
auler. But becauſe the making of it is ſo well known to moſt 
Muhematical Iuſtrument Makers, Eſpecially to that acc, and 
Inzeniors Artiſt Ar. John Rowley, Maihematical-[nflremoul- 
Mater, under St. Dunſtan's-Church ia Fleet. ſtreet, London; 
o for hi great Skill in conlriving, framing, and gZraduuling 
V Kind of Mathematical Juſtruments, may, I belicve, be july 
all d one of the Left Wirkmen of his Trade in Europe. I think 
i needleſs therefore to give a particular Deſcription of that 
Iuſtrument. K. 

Alſo from hence came that [ngenions In dention of mat. ins 
Engines for Turning all Sorts of Elliptical or C221 H, as O 
bers and Ficture-Frames, &c. "77 
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Center of the Elliz/s, as at C. 


Conjugate; As was requir'd, 


*. — —— 
. * 4 


the Ellipfs Periphery, a 
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Sect. 5. Any Ellipſis being given, To find its Trändverſt . el 
and Conjugate Diameters. 1 


Suppoſe the given Ellißſ to be T NS x (in the Annes 
Scheme) in which let it be requir'd to find the Tranſverſe LW 
meter T S, and its Conjugate Nn. 

Draw within the Elliffs any Two Ri: ht Lines parallel to e 
other, as Hh and Mm; and 
Bi ſect thoſe Lines, viz. find the 
Middle Point of each, as at 
and P. Then through thoſe 
Points K and P, draw a Right 
Line, as D A, and it will be a 
Diameter ; for it will Divide the 
Ellipfs into Two equal Parts. (Sce 
Def. I. Pag. 357.) Conſequent- | 
ly the Middle of DA will be the true Middle or comma; 


For tis the Nature, or Property of all Diameters, howſoever they a 
Drawn in any Elliſſs, (as it is in a Circle) to Cut or croſs one an- 
ther in the common Center, or Middle of the Figure, as at C. 

Upon the Point C Deſcribe an Arch of any Circle that wil 
cut the Ellipfs Periphery in Two Points, as at B and b; then 
joyn thoſe Points Bb with a Right Linc, and it will be an Ort. 
nate, through whoſe Middle, (as at 4) and the common Gn. 
ter C, the Tranſverſe Diameter TS muſt paſs, 

For BS=9$Sb, and Bà is at Right Angles with TS; there. 
fore the Line Bb is an Ordinate Rightly atplyd to TS the 
Tran ſver ſe Diameter. And if through the Point C there be 
Drawn the Right Line Nu parallel to Bb, it will become the 


Sect. 6. To draw a Tangent, or Right Line that may tou 
the Ellipſis Peripbery in any Aſiignd Point. 


The Drading of Tangents to or from any Hen Print in M3, 
n of Three Caſes. F fs | y 


Caſe, 1. If it be requir'd to Draw a Tangent that may touch 
the Ellipþs in either of the Extream Points of Its Tranſverſe Da- WM 9 
meter, as at Tor S, it is plain the Tangent muſt be Draw» Wi: 
farallel to the Conjugate Diameter N n,-as HK in the follows 
ing Figure is ſuppos d to be. | Gf 


— 
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= Ciſc 2. Or if the Tangent muſt be Drawn to touch the Flligfs 
eicher of the Extrcam Points of its Conji ate Diameter, as at 
Nor n, 'tis as evident that it muſt be Draws parallel to the 
W9ranjrerſe Diameter T S, as KM. Conſequently, if that 
andent, and the Tranſverſe were | 
both [finitely continu'd, they * 


would never ect. 


| Caſe 3. But if it be requir'd T 
to Draw a Tan ent that may 
Touch the Ellipfs in any other | 
Fit, as at B, GC. K 
Ihen if the Tangent and the 
ranſucrſe Diameter be both continu'd, they will Meet in ſome 
Pini, as at P; and thoſe Two Prints (viz. B and P) do ſo 
mutually depend upon each other, that one of them muſt be 
LA/:2n'd in order to find the other, that ſo the Tangent may by 
them be truly Drawn, 


Let DS TS. AS: and z AP. Then if y be 
giren, 2 may be found by this Theorom | 755 — 2 
Or if 2 be given, y may be found by this Theorem: 


Theoꝛem.“ Ty LY 5 . 


— > 


Demonſtration. 


Draw the Seri-Ordinate b a, as in the Fiiwre; then will 
A\BAF and A ba P be alike, Put x= Aa the Diff ance 
between the Two Semi-rdinates (viz. between B A and b a) 
juhich we ſuppoſe [nfinitcly ſmall. 


Thenſ 12: :: B A:ba. By Theorem 13. 
But] 2] D —px3:D—+xx3y—x::OBA:Obe 
OW haris, 3 D-: Du + 21x— Dx—xx::QBA:O be 
Ins 4122:22—25:x+xx::O0BA:Obe | 
ppoſe] 5 X =o That ſo x may be every where rejected 
„Then, 6 Dy - Y: Dy - ＋ 2) —- D: BA: . 
& And] 7]: 22 — 23: : UBA: 30 
8 6,7] 8 Dy -: Dy—yp + 2y —D:: 22: 22 — 26 
8 „ 92% — DN = 22 — 2052 
0 — 3 Dz2= y— Dy 
= ib =- 


Cee 115 


— — CATE: 


| 14 C 9115 y— Di—yz + 4 DD— + De 553 =SDD +1: 
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1 | Dy — yy F Which is the 1 Theorem a 7 
R 20 —53 2 gives the following Aralqn, n 7 


Analogy} 13 W D—y:Yy:: D-. Viz. CA: SA:: TA: AP N 
10-9: [14 - Dy - -i 


In, . 
15 ww 2 16h — LD —L = DDA I 


That 15 I — L +y/ LDD- 122 5 Which is the or 
pl 7 b + 2. * I + * Theor. Q. E. " * 


* 


Then 


The Geometriral Performance of theſe two Theorems is ver 
Eaſy, As by the following Figure. - mY 


1. Suppoſe the Point B in the Ellißſi Periphery were any 
and it were requird to find the Point P, &c. | | 

Make J C Radins, and upon the common Center C Deer 
the Semi-circle Td d, and joyn the Points C and d with a A. 
Line; then Biſcit that Linc, (by Prob. 2. Fag. 287.) ail 
mark the Point where the Biſecting Line would Croſs the Tran: 
ver ſc, as at c. Upon that Point || 5, with the Radius Ce (or Ci 
De ſcribe another Semi-circle, producing the Tranſverſe Dian 
to its Periphery, and it will n the Point P. 


For if D [S. y= A. 2 AP. as beforc: 


1D -N XY UAA 3 th 
And|2|*D—pxs=ndA Ws Yo SD # 
For 3 TA: d A:: A: 5A , . "7. 
And 4 CA: A:: IA: AP * 7 Id Th 
But] (CAS D-, &.. Tf „ # 
1. 2 ſ+Dz—pr=>Py—y 0 4. 
25 TAs at the 11 S befoie. . 
Bp | 


Therefore the Pint Pis truly 


found. Con A110 it a Rizht Line be drawn through th. lu! 
Points B and F, it will be the Tangent requir'd, according 
the Firſt Theorem. lar 


2. The Converſe of this is as Eaſy ; to wit, if the Hin 
be given, thence to find the Point B in the Ellipfs Pcrif Wir 

< . 3 a 9 = 0 
E hus, Circumſcribe half tne Elliphs with the Semn-carcle Il. T, 
As before; and Biſect the Diſtance betu cen the Pvints C and 


N . | Fs 
as at || c, viz. Let Cee. Then making Ce Radius, | 5 
on the Pointe || deſcribe the Semi-circle Cd P ; and from , 
Point where the Two Semi- circles interſect or croſs each Otl 75 


as at || 4, draw the Right Line d A perpendicular to the Tranſe 


1 
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TS, and it-will Aſien the Point of Contact Bin the Ellipfs 
| Prriphery through which the Tungent muſt paſs. 

| But a prattical Mcthod of drawing Tangents to any and 
print in the Eilipfis Periphery, may (withoui finding the aforeſaid 
point P) be FA dedac'd from the following Property of Ian- 
Ss RD Drawn to a Circle, which is this. ; | 


| H 

If to any Naias of a Circle, as CB 

there be drawn a Tangent Line (as TIK) B 
MW: To: the Radins at the Point B, 

we Two Anvlcs which the Tangent 

makes with the Radrus, will always be * 
Lo Right Angles ( 16, 17, 18, 19 | 
Vuclid. 3.09 | : 

hat is, LITBC= LCB K= 994 


. 
iv 


In like Manner the Two A-gles made between the Tangent 
band the Teo Lines drawn from the Focys's of an Elliffs to the 
Paint of Contas, will always be Fial, but not Right Angles, 
Fire only at the T. Eds of the T. ſverſe Diameter, 

EF Theſe being well conſider d, and compar'd with what hath 
been ſaid in Eee 366, it muſt needs be h to underſtand the 
following Way of diawing Tanrents to any Aſſign'd Point in 
Pine Ellifſis Periſliciy; which is thus: 

thing by the Tranſverſe and Conjurate Diameiers ſound the 
Foce fand F, by Sctf. 3. from them Draw Two Night 
s to mcet each other in the 
— Lend Point of Cont tt, a: ſt and 
F“ (or FB and FB) in the An- 
Nerd Fi ure. Next fer Off (viz. 
Zh bd =6 of (97 BI =) 
lan! join the Points FA. (or Fi) 
uith a Nieht Liuc. 

Then, I fay, if a ig Linc be 
drawn through rhe Po Contatt 
r B) paralicl to 4 F, DF) 
lit will be the Tan ct requird 
For it is plain, that as the NIS LFNX when the 


* 


. = 


i Tangent is parallel to the Tranjſtcr ſe Niamcitr, even ſo is the 
"WH = CFb4, (and LjBHELFBK) and will be 
oo where ſo, a+ the Pint of Contatt h (or B) and its Tan- 


gent, is carry'd about the E!liffis Periphery with the Lines f b F 
(or B H. 


hq = — 
— WS —- a 
— * 


See; CH AXP. 
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CHAP. III. "M 
Concerning the Chief Properties of every PPatabola, 


Ote, In every Parabola, the intercepted Diameter, or tha 
Pert of its Axis which is between the Vertex and that Ordina: r— 
which Limits its Length, As Sa or SA, &c. is call'd Abſciſa. dee 
Sect 1. The lain or Fi ure of every Parabola, is froportion Hh 
ts Ordinaics aud Al ſciſſa s, as in the following Theorem. 
ſ As any onc Al ſciſſa: is to the Square of its Sm.“ 
Theozem, 2 ordinate: : fo is any other Al ſciſſa: to the Sq WE” 
N its Semi- ordinatc. : ne 

That is, if we ſuppoſe the anne vA 
Fioure to be a Parabolu, wherein Su, and T 
SA, are Abſciſſa's, and hab, BAB, 1 

Ordinates Nightly apply d, it will 


be S2: D ba :: SA: 7 B A -whercſocver 
Or $2: A:: U ba: 9 47 


And fo for any other 45 ſciſſas ccc. | 


Demonſtration. 


Let the following Figure HVG repreſent 2 Right Cone, cut 
into Two Parts by the R:ght Line & A, parallel ro its Side JJ 
Then the Plain of that Section, viz. Bb Sb B will be a Pu- 
bola, by Sctt. 4. Pa e 358, wherein let us ſuppoſe SA to bei 3 
Axis, and bab, BAB tobe Ordinates rightly Apply d to that 
Axis. ; | 
Again, Imagine the Cone to be Cut by the Right Line h; 
parallel to its Baſe HG, Then will /g be the Diameter of 1 Bj 
Circle, by ect. 2. Page 357. And A Sag like to A SAG. x 


Ch 
2 
is 


eve 
dr 


FS: 4g: :S A: 46 
Therefore. By Theorem 13. V || 
1 | ax AG=SAxas | 
Sax ACX SAX 12 X43 | 
2.X 54 By Axiom 3. [ 
Butlq HA — ha bccauſe SA 7” 
* Lis parallel to VH . 


0 COBA=AGCx HAY By Lemma — + | 
And U 0D 42g K 4 Sizes 34.3 f oe 1 2 
S 0 BA=SA x Ul / 


eee 56 
* 
* 
* 


md 3» 45 59% — „„ 
y Axiom 5. 2 5 
I La: Q b:: SA: oO AN —— ü 


ee as » _ 1 Doom nk —IB„̈:æ2 Theſe 
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” Theſe Proportions being prov'd to be the Common Property of 
every Farabola, all that is farther requir'd about that Scction, 
or Figure, may from thence be eaſily deduc d. | 


dect. 2. To find the Latus Retum, or Right Parameter 

of any Parabola. ; 

The Latus Rectum of a Parabola hath the ſame Ratio or Pro- 

firtion to any Abſciſſa, and its Semi ordinate, as the Latus Re 

lum of an Elliffis hath to its Tranſverſe and Conjugate Diameters, 
zud may be found by this Theorem. 


„ F As anyAbſciſſs : is in Proportion to its Semi-ordinate 
Cheoꝛem. J :: ſo is that Semi- ordinatę: to the Latus Rectum. 
Let L = the Latus Rectum. 


Then J: 4 :: e: Ly f whereever the Points a, and 
Andſz SA: BA:: BA LNA, are taken in the Axis. 
1 6E = L: Or S X LS U 


At 


2 Er: Or S4xL=034 
| | S a 

- „ ? 

; F900 SA = 4 Per Axiom Js 


| e 4X RBA SAX Oba Which gives this 
Analogy Da: A:: SA: BA The ſame as at the 7rh 
Steh of the lat Proceſs ; cherefore L (ths ſound ) is the true 
Lu Rectum, by which all the Ordinates may be Regulated and 
Wound, according to its Defiwition in Scion 4. Pate 388. N 


For by the Third Step Sax L= U. And by the 


bath Seh SAN LS QB 4. Conſequently Fax Lab 
And SAX L Cl B A; and ſo for any other Ordinate. 


i 


Or if the Ordinates are given, to find their Abſciſſa's ; then 
Pt will be, L: b:: ba: S4. And L: IA: : BA: A, &c. 


f » A 
[Conſequently 27 = S4. And On =SA, &c. 


From the Conſideration of theſe Proportions, it, will be eaſy 
to conceive how to find the Lalus Ncłlum Geometrically, thus: 


Join 
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Join the Vertical Point S of the Axis, and either Exiri 
Funt of any Ordinate, as B, (or b) with a Night Line, viz, 
S (or Sb) and Biſect that Line, (by 
Problem 2. Page 287.) marking the 
Point where the hiſecling Line doth In- 
ter ſect or croſs the Axis, as at E, (ore) 
and with the Radius SE (or Se) upon 
the Point E Core) Deſcribe a Circle; 
(as in the Annex'd Figure) then will the 
Diſtance between the Ordinale and that 
Point where the Circles Periphery cuts 
the Axis, viz. AR (er ar) be the true 
Latus Rectum requir'd. 
For SA: BA:: BA: AR. And Sa: ba :: ba: ar. By Theor, 1, 
Therefore AR = L. And ar = L by the 1ff and 2d $4 


above. | 
Con ſectary. 
From theſe Proportions of finding the Latus Rectum, it wil 
be eaſy to dednce and Demonſtrate this following Theorem. 
As the Latus Rectum: Is to the Sum of any Ti 
Theozem! Semi-ordinates :: ſo ts the Difference of thoſe Tz 
a * Semi. o dinates: 10 the Difference of their Alſciſas 
Suppoſe any Right Line Drawn within the Parabola, as J) 
8 to its Axis SA; then will that Line (viz. b D) ber 
tarctcr (by Def. 5 Pag. 359.) which will make ED ABA. 
DB= AB—ab, anlbD = SA — $a. Then it will be 
L.: ED: : DB: D, according to the Theorem, 


 Demonſtratien, 
OBA 


I 
Nor the laſt Proceſs. ff th 
| Sa = Dus By Step. 1. * 7 b 
ane; . the laſt Proceſs, / \ 
3 


JS 4 S D340 af Al ®\ 


N L 4 SA—Sz7z X L= M34--n b a Which gives 

But 5 OBA—DOba=B 1 +bax ee the following 

= 5 6% A- SN L BAT X H- C Analeyy. 

6. An alley L :BAXba::BA—la:SA—S4 

8I[L: ED :: DB: D Ti 
4 


1 | | — 


: ; Nap. 3. Concerning the Parabola, = 
i. 


| 5 
Ain 6 


Inis peculiar Property of the Perabola was firft publiſi d, Anng 
1684, by one Mr. Thomas Baker, Fettor of Bi ſhop Nymton tx 
Devonſhire, in 4 Treatiſe iatitled, The Geometrical Key : Or, 
The Gate of Equations unlock'd ; wherein he hath ſhew'd the 
Ccomctricul Conſtruction and Solution of all Cubict and Biquadra- 
jick Alfcfted eAEquations ly one general Method, which he calls 4 
Central Rule, Deduc'd from this peculiar Property of the Parabola. 


Sect. 3. To find the FOCUS of any Parabola. 


The Focus of every Parabsla is that Point in its Axis through 
which the Latus Rectum doth paſs. (See Definition 3. Sekt. 4. 


Pie 359.) Therefore its Diſtance from the Vertex of the Para- 


e may be eaſily found, either by the Latus Rectum it ſelf, or 
by any other Ordinate, and its Abſciſſa. 

E Thus, ſuppoſe the Point at F to be the Focus, S the Fer. 
ter, the Ordinate RFR L the 
Latis Rectum, and bab any other 
Ordinate. 


Ten will SF=3 Lor SF 0's 


4.54 
Demonſtration. 
Firſt [FX LS DO FR By Sctt. 2 Page 275. 
And 2 AI. For the Ordinate x FR L as above. 
2 @ 2 31.0 FR=EZOL =E3L x ZIL ä 
52 3 414 SEX —=i DL 
4 > L 5ISF SIL As by Deſi ais ion 4. Scit. 4. Page 359. 


—— = L by the Third Step in Fare 375. 


S FA 


f Conſeq.! 7 Db = IL. &c. As above. E. 


24 4 Fa 


Sect. 4. To Delcribe, or Draw a Par abola ſeveral W. "ys. 


Note, There are Two or Three Ways of Drawing a Parabola 
Inſt umentally at one Motion; but becauſe thoſe Inflruments 
Machines are not only too perplex d for a Learner to manage, 
but alſo g little ſubjeck to Error, ] hade therefore choſen to 
ſhew bz Figure may be (the beſt) Drawn by a convenient 
Aumber of Points, viz. Ordinates found, either Numerically or 
Geometrically, according to the Data ; which, if the Work cf 


tbe Three laſt Sections be well conſider d, muſt needs be wer 1217 5. 
. 


am 
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1. If any Ordinate and its Al ſciſſs are given, there may h 
them be found as many Ordinates as you pleaſe to aſſign or tile 
Points in the Parabola's Amis, (by Seit. 1. Page 374.) and thy 
Curve of the Parabola may be drawn by the Exircam Point; (5 
thoſe Ordinates, as the Ellipfs was Page 367. 

2. If the Latus Rectum, and either any Ordinate, or its Abſciſ, 

are given, then any aſhgn'd Number of Ordinates may by then 
be found, (by Sett. 2. Page 375.) either Numerically or Geome- 
trically, &c. 
3. It only the Diſtance of the Focus from the Vertex of the 
Parabola be given, any aſſign d Number of Ordinates may |, 
found by it. For SF L the Lalus Rectum, and ELF} 
as in the Laſt Section; and it will be, as SF: is to Q FR:: 
ſo is any other Abſciſſa (viz. Sa, or SA, &c.) : to the Sn 
of its Semi- ordinate, (viz. ba, or ABA) according to the 
common Property of the Parabola. 

Altho any of theſe Ways of finding the Ordinates are eat 
enough, yet that Way which may be deduc'd from the fol. 
8. Fropaſtion, will be found much more Eaſy, And readyin 

r@tlice. 


The Sum of 2 ciſſa wy focal Diſtance ſrm 
PF the Vertex, will be Equal lo the Diſtance frin 
propoſition. the Focus to the E 2 Point of 15 1 
which cuts off that Ab ſciſſu. 
For Inſtance, ſuppoſe S to be the Vertex of 
any Parabola, the Point F to be its Focus, 
and AB any Semi-ordinate Rightly Afpply'd to 
its Axis SA. Then I ſay, where ever the 
Point A is taken in the Axis, it will be 
$4 + SF =FB. Conſequently, if SF=SF, 
it will be f A=FB. 
Demonſtration. 
Firſt: 1, SF = $L by the 7th Step, Scct. 3. 
Ergo| 2If A =FA L by Conftruttion above. 
2 C 2 3 0fA 2 U FAT FAX L: 4 LL 
Again 4 A= FA + AL by the Suppoſtion and Figare. 
4x LS SAX LSFAX L: ＋ LL But SAxXL=046 


Er20 61M AB=SF AxL: +4LL 
3 Rs OfA—DO AB=AFA. Conſe. N ſ A= FA 
Bu 


6 
7 
8|\nFA+ DAB= QEFB. By Theorem 11. 
9 8 
a 74A — FB QED. 


„ . a. ts A rn CO 


This 


h 


1 8 — ** aA. 


This Propoftion being well underſtood, it will be very eaſily 
Apply d to Practice, ſuppoling the Focal Diſtance given, or any 
bother Data by which it may be found. 

Thus Draw any Right Line to repreſent the Parabola's Axis, 
and from its Vertical Point, as at FS, ſet Off the Focal Diftance 
both upwards and downwards, 97g. make Sf S F the Di- 
ſtance of the given Focus from the Vertex, As in the laſt Scheme. 
Then by the Propoftion it is evident, that if never ſo many 
Lines be drawn Ordinately at Rrght Angles to the Axis, the 
ttue Diſtance between the Point f out of the Parabola, and any 
bot thoſe Lines (or Ordinates) being Mea ſur d or ſet Off from the 
Fon F to the ſame Line (or Ordinate) it will Aſin the true 
eint in that Line through which the Cirve muſt paſs. That is, 
lit will ſhew the true Limits or Length of that Ordinate, as at B 
in the laſt Scheme, | 

| Proceeding on in the very ſame Manner, from Ordinate ta 
Ordinate, you may with great Expedition and Exactneſs find 
as many Ordinates (or rather their Points. only, like B) as may 
be thought convenient; which being all ;oyzd together with an 
Even Hand, will form the Farabola requir'd, . 

N. B. The more Ordinates (on their Points) there are found, 
aud the ncarer they are to one another, the eafſer and exalter may 
the Curve of the Parabola be Dran. The ſame is to be Ob ſerv d 
Wn any other Curve is requir'd to be drawn by Points. 

Set, 5. To draw a Tangent to any given Point in the 
| Curve of a Parabola. 


* 


| Tangents are very eaſily drawn to the Curve of any Parabola. 

For, ſuppoſing S to be its Vertex, 
the Point of Gntatt viz, the Point 
where the Tangent muſt touch the 
„de. And P the Pint where the 


Lan!vent will interſect, (or meet with) 


the Parabola's Axis produc'd. : Then | aA hs I 
1 trom the Point of Contact B, there „ 
de Drawn the Semi- ordiuate B A at 1 


izat Angles to the Axis SA, where- 
derer the Point A falls in the Aais, it will be SP SA. 


1 Demonſtration. r HON 1 

Draw the Scmi-ordinate bs (As in the Figure) then will 
he ABAP, and AbaP be alike. Let y = As the Al- 
. faſſa, 
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Conick Sections part f 


ſc iſa, and 2 = SP; put x= Aa the Diſtance between the 
Two Semi-ordinates ; which we ſuppoſe to be Infinitely near each 
other, as in the Ellipſs, Pag. 371. | 


- Then 
1, Or 
Again 
3, Or 


2 in 0's 
45 5 
6 * 


That is, 
Suppoſe 
Then 


10 21 


& A vw no - 


7 =y Conſequently 2 2 2 


T2: BA: T2 ＋ : ba. Per Theorem 1, 
y+2:3X2-F x::BA:ba See Page 19: 
: UBA: &: 0b 4. Per Theorem Page 37, 
„ T* BA: 3 
yy + 235 T2225 2521 224224 
zx+xx;: DBA:Obs 


2yx+22+22x+xx 
WW 2yzFyx+22+22x+ 

J3Þ+ 232+ 2yx-þ22+22x<+xx 
ZZX 2 2 x 
— =yx+ xx. Conſequently — =y + x 


x =o And Rejefted, As in the Ellifs, Page 711 


2 2 * 


2 That is, SPS SA 
Q. E. D. 


þ 


Concerning the chief Properties of the Pyperbola. 


\ | Ote, Any Part of the Axis of an Hyperbola, which is lu 
cepted between its Vertex and any Ordinate, (viz. any Int" 


cepted Diameter) is calld an Abſciſfa, As in the Parabola. 


The Plain of every Hyperbola is porportion'd by this Gene 


Theozem. 


"— 


CHAP. IV. | 


Felt. 1. 


heorem. 


0 As the Sum of the Tranſverſe and any Abſcill 
Multiplyd into that Abſciſſa : ir to the Square 
its Semi-ordimate: : ſo is the Sum of the Tran ſus 
and any other Abſciſſa Multiply into that N 
ſcula To the Square of its Semi-ordinate. = 


N 
22 
0 ., 


% T ::: + 252 T 22:55 ＋T 2924 b | 


4 
. 
-/ 
.£ 


NT N {Chap 4 Concerning the Pyperbola. 387 
the That! is, if TS be the Tranſverſe Diameter, 2258 
ch Sa, S A, Abſciſſas. | 

þ And 15 4 'B A, Semi-ordinates, ” 

} 42 = Ts +88. 
1 | (Then LI ARZTS+SA. 
7 And it will be - 
4 * 84 0b: : TAN SA: 34. | 

That is, Xx 


ters. a: ans 34 } 


« —— — 
' — — a 
— — —— — 


Demonſtration, / M$ = 


Let the following Figure HV repreſent a Rich cut into 
Tuo Parts by the Right Line SA; then will Fe Hei, of 3 


Section be an Hyperbola (by Sect. 6. Ch 15 1 3 in which let SA 
be its Axis, or intercepted Diameter, h 4 b, and B A B, Ordinate 


| Rightly apply d (as before in the Parabola) and T Sits Tren ſverſe 


Diameter. 
Again, if the Cone is ſuppos'd to be C by þ llel 
E, Parallel to 
© its Baſe HG, it will alſo be the Diameter of a C 
w Ellipfis and Parabols. os Le 


Then will the Ag 4 and A 5 A 
be alike, alſo the A Tah and 7471 
ö will be alike; therefore 1 it 


. Dill be t1Sa:ap:iSA:AG 

| Andj2|Tat:ah::TA:AH 
* SaxAG=SAxag 

ara xXAHETA wah. 
5 
6 
7 


a — 2 * 
my . — — — — 8 —— . 2 = - = * by 
— — — © — 


1 
- on 


Il 


- 
- —_— 
— 


— _ 
» 2 


- 
2 a 
— -- 

— —— 


EEEPC 


2 


» — 
i * 


— + cer — 2 
r >a etl = 
* . — a » «4 «AM» - 


S N Ta N AG x AH 
S SAX TANXA NA 
agXah=qab 
SAGxXxAH=DOAB 
Per Lemma Page ge 357 
ſSexTaxn 4 
8 =SAxTAxXO4b 
Lwhich give the following 
9 Len Fa; 95 SAX TA, &c. 


4 * 
— 8 — 2 — 
. . 4 * -.Y em . 4 — . * — 
2 208 - +. > =-—- * 1 


bad 


© 


— — 4 = - 
— — * 883 
Mo Se 2 1 — 


— — - — 
. ——— ©... oe 


— RE - - * K — 
1 4. — 4 — — — = 
— OG — 5 * a 


* 
. ww ©, 
— 2 


may (in à manner) be found as in the Ellipfs, due Regin 


388 Conick Sections. Pear ff 
| Theſe Froportions are the common Property of every ry Hyperbol, | 
and do only differ from thoſe of the Ellipfs in the Signs 4.8 


And — A plainly appears in all the | T £ 
following Proportions. "uf 
That fis, if we ſuppoſe T5, the Tranſ- 0 
ver ſe Di peter, common to both Sections, : 
(via. both the Ellipfs and Hypcrbola) As +... 
11 the Annex'd Scheme. 4 0 
Then in the Ellipfs it will be A 
TS—SaxSa:Dab::TS—SAxSA:0M.4B y/ N 
(As by Sctt. 1. Chap. 2.) ——— 
And in the Hyper hola it is 4 | 7. 
TSA SX Sa: ab:: TS SAX SA. A3. 3 
As above. 8 A 


And therefore all that is farther requir'd' in the Hiperbyl, 


being had to Changing of the Sing. 


Sect. 2. "To find the Latus Redum, or Right Pen 0 | 
meter of any Hype: bela. 11 y 
From the laſt Proportion take either of the Antecedentr and; it 
Con ſcquent, vis. either T a x Sa: ab. Or, TAN SA: 04 
To them bring i in the Tranſverſe T Sfor a Third Term, and 
thoſe Three find a Fourth Proportional (as in the Elli ) in 
that wall be the Latus Rectum. 
GI 


WE 02: S: = the L. 
4 a x ur 


Thus [1] | 

| Rectum, which call L (as in the Parabvis J)- 
Then 2 TS: L:: T2 X S4: 04 b. 
But 3 T. NS. DO 4b: T 4x S4. Kl 4B.  Therefa 
2, lalTs: Le: TAX SA: AB, &. 


8 


— 
—_— 


Con ſcquently L is the true Latus Necho, or Right Paramite 
by which all the Ordinates may be N According to its D 
nition in Chapter 1. 


And becanſe TS+ STA. Let it be Lo ＋ L. unftead of T. 


Dab xTS 
Then it will be x J. 
gh NY TS Se: + Ss A 
Aad in ihe Eiligf t ald be 1 LX · 


TFN N: — H 


2 4 Concerning the Þyperbola. 
Sect. 3. To find the Focus of any Hyperbola. 


The Focus being that Point in the Hyperbola' s Axis, throu 

which the Latus Rectum muſt paſs, (As in the Ellipfs and Pars- 

hola ) it may be found by this Theorem, 

Þ To the Rectangle made of half the Tran foerſe i into 
half the Latus Rettum, Add the Square of half the 

Theozem. Tranſverſe; the Square Root of that dum will be the 

? Diſtance of the Focus from the Center of the Hyper- 


bola. 


Demonſtration. 
{ Suppoſe. the Point at F in the Annex'd Scheme, to be the 
ban fought. Then will F FR Ly 


Let TCSCS be half the "ran ſderſe; 1 9 
then is the Point C call'd the 3 gt -: 
ne Hyperbola (for a Reaſon that ſhall be 
xercafrer thew'd. 


Again, Let C Sd. And SFS 2 

: Then[:]2d:L::2d TAX 4:3 LL 
I S: L:: TS+SFXEFS: FR 
1 


In the Ellipfs it 15, 24:L:: 5 X 43 LL. 
BI hat i is, zd = 24a — 4a, &c. 


A The Geometrical Ef-Aion of the laſt Theorem. i is very eaſily 
perform d, thus; 


Make Arn — TA Viz. f che Latus Rectum; and let A \ = a, 
4 above. A 


Upon Cv (45 2 Diameter) deſcribe a 

| Lide; and at Sthe Perteæ of the Hyperbola 

lau che Rig h. Line nSN at Nieht Angles ; 

| $ (* ; then Join the Points CN with A 

| 7 3500 Line, and twill be CN = d+a=FC.. 

; ori SV:: SV: Sx per Fig. 

That is za: SV:: SV: “TL 

| 2 -[]EIL= DSN 

Butlg 1d + OSN= Oy 
| { + IL U CN ' . A* 

ov d1 + 2dL=CN= 4+ 4, "Ik a ST 1 10 


— 


_ * . 
" * OY 
; os — - 
: L 4 9 
= ——— : 
* _ * * Pann” * 
4 : =_ ——— > gy —_— _ 
d —_ » — 
© 
= - - — 1 — Joy 
_ 


; 


1 ä 


390 Conick Settions. Part I TH 
Now here is not only found the Diffance ot the Hyperby/,;M, - 
Focus, either from its Center C, or Vertex S; but here is all 3 
found that Right Line uſually call'd its Conjugate Dianm We + 
wiz, the Line n SN, which bears the ſame Proportion g 
the Tranſverſe and Latis Rectum of the Hyperbola, as the GW t 
. Diameter of the Elli doth to its 77an ſver ſe, and Lan 55 
ectum. oF Wh 
For in the Elli TS:Nn:: Nn: LR. fer Se. 2, Page 16: 
Conſequently7 #TS:&Nn::4Nn:ELR. 
5 But IS d. $Nn=SN. And+LR=!l, 
Therefore d: SN: : SN: $L. As at the ſecond Step abo 
© What Uſe the aforeſaid Line „ is of, in Relation to ti: 
Hyperbola, will appear farther on. 8 


Sect. 4. To Deſcribe an Hyperbola in Plano. 


In order to the Eaſy Deſcribing of an Hyperbola in Plant, i 
will be convenient to premiſe the following Propoſition, whic 
_— from that of the Ellihſs in Sect. 3. Chap. 2. only in the 

INS. | 3 | 
If from the Focus's of any Hyperbola, ther: iſ 

= 2G # Two Right Lins 4115 meet cache 

Pꝛopoſition. in any Point of the Hyperbola's Curve, the Dif: 
| ence of thoſe Lines (in the Ellipfis it is the 1 

Sum) will be Equal to the Tranſverſe Diami, 

That is, if F be the Focus, and it be made Cf=CF, (4 

in the laſt Scheme) then the Point f is ſaid to be a Focus out 16 


of the Seclion (or rather of the oppofite Section) and it will i 
j B—FB=TS. TE UT; 4 wr 22 REA | 2 
Diemonttration. 4 
Suppoſe fC, or CF= 2 and Arx. Let CS. ab 
or TC=4, as before. | 8 : 
Then will fA=d+x+2, And FA = d+ x -. * 
Again, Let FB=h, and FB. Then 24zb—0, by 
the Fropofition. | | p 


| From tlieſe ſubflituted Letters it follows, In 

Thati ildd 2dæ + 24% + xx + 2zx+22= 0 f 4 

Andſzſda ＋ 24xr— 24z + xx — 22 + 22 f 
But] [ofA+ 0. 48= AB. And nfA+ H AR Uf 


c Le {LEAH 2laþ ar rc =am 


Concerning the Hyperbola, — 397 


2 - dd dl. 

2 4 

1 21 l 8 

N Again (zd: L:: 2d +xxx: 143 By com. Properties, 
13 2d dr + xx:DAB 
BE... 

2d 22 ZZXX . 24d dx — dd xx 

"8 -|8 — 5 eee 


1 At 24x + 2dz+ xxt+ ＋ 22x ＋ 22 + 

ofen 
| dd & 20x — 2dz + xx 22x ＋ 22 + | 
eee e 


10 x dd[1 2d —24 2—2ddzx+ddzz-þ 2422x + 22xx = dbb 
II % 2113]dd + dz + 2x==1þ 
12 w 2/14 4d — dz Ra == db Alto“ the e/Equation at the 


mn 2 X ; 1 op be in it ſelf impoſ- 
3 8 ible ecauſe & is greater, 

boy 35 1504 +2 T 2 h x thin d; (by the 4th Step) yeb 

| | | from thence: it will be eajy 

65 . 

* : to conclude, that the Diffe- 

4 Z. * 4 

Ell 14 — 164 2— 7 —b | 2 

(i, rence between d and xz ＋ —- 

At 2 * - | 

aut 16, or|17;2 + T — d —=b | peat apr the 22 value of b, 

de 4 4 3 tne 17th rep. 
£179— 1718 Zd =h—Þ 


2.X 


lor +5 —d=b, it may be convenient to 1luflrate the 


whole Proceſs in Numbers, whereby (I preſume) it will plainly 

appear that h—b TS. 

In order to that, Let the Tranſuerſe.TS = 2d = 12. Then d=6 

Suppoſe the Ab ſciſſa SA 4. And the Semi-ordinate AB — 3 

Firſt HS + SAN SA: AB:: 75S: L per Sett. 2. 

1, Viz. 212 ＋4 4X 4 2 64 9:: 12:1,6875 = L 
Againz / dd + £dL —=d + = CF per Sedt. 3. 


3, Viz, 6 + 5,0625 = 6,408 = CF= z 
WM The n mf 
An + x—=2=6-+4—6,4%z 3,592 = 4 16 


+ ddr +24*2 + 2ddzx + ddzz + 2dzzx + zzxæx = dibb 


| But becauſe I would leave no Room for the Learncr to doubt 
about changing the AÆquation, d—z — 4 * b into that 


HPoſtion. And therefore it's plain, that proceeding on in this 


_—_—_— — 


| 


92 Conick Seffions, Part y 
G 2| 71269, 22242 A | 
£& > 8 12,9024= FA EE Ge 
But 9 9 = Q AB For AB = by Fuß pat ion. 
7 + 9110278, 22242 f Af ABS UB 
8 + gf11] 21,0242 UU FA+ oO AB=OFB 
10 w 2|12] 16,68 —fB of 
11 % 2013] 4,68=FB | vt 
12— 13114] 12,00 =fB— FB=TS. Which was to be prov' 
_ —=c 


Tf this Prop1ſtion be truly underſtood, it muſt needs be Ei 
to conceive how to Deſcribe the Curve of any Hyperbola very 
readily by Points, when the Tranſverſe Diameter and the Ficu A. 
are given, (or any other Data by which they may be found, As i 
the precedent Rules.) Thus, . 

Draw ahy ſtrait Line at Pleaſure, on it ſet off the Length of 
the given Tran ſverſe TS, and from its by 
Extream Points or Limits, viz. T, S, fer , _ os | 
off Tf SF the Diſtance of the | 
given Focus; (viz. the Point f without, 
and F within the Section, as before) that 
done, upon the Point f (as a Center) 


with any aſſum'd Radius, greater than 5 

TS, deſcribe an Arch of a Circle; 5 

then from that Radius take the Tran ſ- „ % ] 
verſe TS, making their Difference a © «+ } _ 
ſecond Radius, with which upon the oy | : — 1 


Point F, within the Scion, deſcribe . : * 
another Arch to Cut or Croſs the firſt Arch, as at B. Then will 
that Point B be in the Curve of the Hyperbola, by the Laſt Pri 


Manner, you may find as many Points (like B) as may be 
thought convenient; (the more there are, and nearer they ar: 
together, the better) which being all joynd together with a WW 
even 19285 ai in the Farabola) will form the Hyperbola re-. 
quir'd. | | 


There are ſeveral other Ways of Delineating an Ayperbola in 
Plano; one Way is by finding a competent Number of Or: 
nates, as by Scct. 1. &c. But I think none ſo eaſy and expe- 
dirious as this Mechanical Way ; I ſhall therefore, for Brevitys 
Sake, paſs over the reſt, and leave them to the Learner's: Ni- 
2 as being cafily deduc'd from what hath. been already 

ald. Thy | 


Sed, 


—___4 


Chap. 4. Concerning the Hyperbola, — 


ge. 5. To Draw a Tangent to any given Point in the 
Curve of an Hyperbola. 


The drawing of a Tangent that will touch any given Point 
in the Curve of an Hyperbola, may be eaſily perform'd by Help 
of a Theorem, as in the E, Sett. 6. Chap. 2. 


DIT the Tranſverſe Diameter 
Let? LS the Lalus Rethim | 
„ U =$ A the Avſciſſa. | 
WF, the Diſtance between the 
| Tel Ordinate, and that Point 
Andz A f in the Tranſverſe cut by 

the Tangent. 52 
Then if y be given, 2 may be found 
NA. 
=D +y vane d040+6 00005 2 
Which differs from that in the Ellipſt 4 ("If 
TAK in the Signs, vide Page 371. \ 
| Or if s be given, then y may be found by this Theorem: 


Theozem. * b 


by this Theorem. 2. 


\ Demonſtration, 


Draw the Semi-ordinate b a, as in the Heure, and 
133 Fan infinite ſmall Space between the Tuo Semi- 
Fut æ AAN ordinates. As before in the Elliffes, &c. 
Then 1 D: L:: Dy): A3 


vis | Thatis. a7 $4Þ-12 S+SAXxXSA:@ AB 

MW: == 

a1 Again n + yy — 2zx — Dx + xx: 2b 

e. That is, 5 TS: L:: TS4 Sax Sa. Qab | 3 
Dy L+ L- z L- & L + xxL 841 


| + 9 6. * 
per Fioure 7 AB: 2 — M2 :4b Viz PA: AB:: P44: 4 
Us Tinng's 822: 05 AB::22—22x+axx:D04b ; 

"WE Oppoſe! gx So and every where Regeiied, as in the Elltpfs. 


. hen 37 9 10 22 : 22 — 22: 4 


Der 
0, Eee 6, 11 


eee! 


— * 


— — 
© Y 
— — _ 
- _— — — — — 
— —̃ — — — 


4 - _— i * — 
— —é : 


a 
1% 
# 
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| 1cD»L+g3L—2y3L—DL _ 
. D __ — 


6, 11112 DYLZZ +yyL 22 — 205 L 2—25)Lf 


eta D2 2 
12 Reduc di 3% DAT Y =Dy +yy 


13 Analogy GD +y:y3::D+y: 2. Viz, CA: SA:: TA. 4} 
13% £ D— 15 TY Which is the firſt Theorem. 


D x 
12 — 25116 ald 


16 QOCh7y;z+Dy—zy — + 22 DDu 


. 


FRG 
17 w 2118 „ 


4 
J. DT zz „ In Which is the 
18 = N 9 = 4 T2 2—zD 1 ſecond Theorem. 


——_—_ 
F  ——— 


— — Q 

The Geometrical Effection of the firſt of theſe Theo 
very eaſy; for by the 14th Step it is evident, that there ar 
Three Lines given to find a Fourth propotional Line. By H. 


blem 3. Page 308. 


Scholium. 


nnn | 


7 1 n 


From the Compari ſons which have been all along made in th 


Chapter, between the Hyperbola and the Ellipfs, it will be a 


(even for a Learner) to perceive the 
Coherence that is in (or between) thoſe . 
Two Figures. But for the better under- 
ſtanding of what is meant by the Center . 


TITLE: 


and Aſymptotcs of an Hyperbola, conſi- \ ee THREE 


der the annex'd Scheme, wherein it is 
evident (even by Inſpettion) that the 
oppoſite Hyperbola's will always be a- 
Hike, becauſe they will always have the - 
ſame Tranſverſe Diameter common to 


both, Cc: See Sect. 1. of this Chapter. Alſo, 
that the middle Point, or common Cen- 
ter of the Elliphi, is the common Cen- 
ter to all the four conjugal Hyperbola's. 


And the Two Diazonals of the Right-engled Parallelogran 
which Circumſcribes the 47 77 8 is In ſcrib d to the fur N 


ſuch Aſymptotes to th 
Hyperbola's, as are defin'd, Chap. 1. Seth. 5. Deſin. 4. 


perbola's) being continu'd, wil 


834 


— 
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— * — — 


| ==/ 


Set. 6. To draw the Alymptotes of an Hyperbola, &c. 


Having found the Latus Rectum, (by Sect. 2.) and the Conju- 
gate Diameter n S M, in its true Fofition, by Se, 3. Then 
through the Center C of the Hyperbola, and the Extream Points 
n, N, of its Congugate Diameter, draw Two Right Lines, as CN, 
and Cn, infinitely continu'd, (as in the following Figure) and 
they will be the Aſymptotes requird. 


extended, will continually incline to the Sides of the Hyper- 
by/a, but never touch them. | 


Demonſtration. 

Suppoſe the Semi- ordinates 4 b, and AB to be Rightly Ap- 
Syd to the Axit T A, and produc'd both Ways to the A. 
| (ymptotes, as at fg, and FG. Then will the A CS N, 
CE ACag, and A CAG, be alike. 
| Lerd=CS=TL And L the Latus Rectum, As before. 

1 Sa 2 dTeS Ca. 

Put 12 5.4 the Abſciſſe's. Than 1 3 
Then 1d: S N: :d T e: 4g. Pie. CS: S N:: Ca: 4g 
iin gg 24 d: © SN::dd T2de Tee: 4 

But 3g 4 L NSN. Per Seft. 3. 

52d: L:: 2de ee: Qab. Per. Sefl, 2. 

2de L ee L | 


T—=0ag—04 


Sg + ab=bf 4 
9 = 6b 


. . 
0 + bes tf 52 Ee + + +: $$ 
— — STE —= 0 AG : 


: EIT: 0 45: Per Sell, 2. 
| 24y tyt=q 43 


That is, they are 'I'wo ſuch Right Lines, as being Infinitely 


- 
& * — —— 
- - — — 
, — «a. 2 4 
— 


24 | 1 


. rf Al 5 = N 


— — — — be DJ —— — * — 2 
1 — 2 ———  R -- — — 
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13 — 15 16] == 46 - 943 


17] 4G4+AB=BF 1 
Allo J 18764 N rer Figure 
17 XK 1819046 -U ABS BF NBG 


16, 19205 FX BGS. 
— 1 
11, & 20 K 21g = E. And BG AK. 


mm. 


From the laſt Step it is evident, that the Ahmptotet ar 
nearer the Hybcrbola at G, than arg, and conſequently wil 
continually Affroach to its Curve. For BF) *4L (=BG uþ 
Leſs than bf )+4L (= bg, becauſe. the Diviſor B F is greater 
than the D:viſor bf; and it muſt needs be ſo, where ever the 
Ordinates are produc'd to the Ahynplotes, from the Nature 9 
the Triangles. | 

Again, from the 7th and 16th Steps it is as evident, that 
the Aſymptotes can never really meet and be co-incident with 
the Curve of the Hyberbola, altho both were [nfinitely extended; 
becauſe 5 4 L will always be the Difference between the Square 
of any-Sem-ordinate, and the Square of that Semi-ordinate when 
it is produc'd to the Aſymptote. * 


| Con 1 eclary. 


From hence it follows, that every Right Line which paſſes 
through the Center, and falls within the 4 ſympietes, will cut 
the Hybcrbols ; and all ſuch Lines are called Diameters, as in 
the Elliffs, becauſe the Propertics of the Hyperbola and Elli 
are tlie ſame. We. F © 5 2 # 

Note, Every Diameter, both in the Ellipfe, Parabola, and H- 
perbola, hath its particular Latys Rectum and Orainates; which, 
mould they be diſtinctly handled, ard the Effection of all ſuch 
Lines as relate to them; as alſo, the Nature and Properties oi 
ſuch Figwrcs as may be Iaſiribd and Circumſerib'd t all the 
Settiongg with the various Habitude ee of on 1 
hola to another, &c. would afford Matter ſuffcient to, hll 
Large Volume. But thus much may ſufffse by Way of Inne 
du£tion ;_I-fhall theref3re defif Pfads, them any farcher, be- 
ing fully ſatisfy'd, that if what J have already "done, be well 


underſtood, the reſt muſt needs be very eaſy to any one: that 
intends to proceed farther on that Subject. Fey 
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T HE Method of finding out any particular Qrantity, (viz. 

either any Line, Superficies, r Solid) by a re- 
lr Progreſſion or Series of Quunlilies continually approaching 
Þ it, which being inſiniteh continn'd, would then become 
perfectly Egual to it, is what is commonly call'd Arithmctict 
f [nfinitcs; which 1 ſhall bricfly deliver in the e 
uma, and apply them to Practice in finding the S erficia 

1d valid Contents of Geometrical Fgures tarther on. 


1 LEMMA I. | | 

n Series of equal Numbers, (repreſenting Lines or other 

| Quantities) As 1. 1. 1. 1. '&c. Or 2. 2. 2. 2. &c. 

07 3 3. 3. 3- Kc. I one of the Terms be multifgly'd ante 

b, te Number of Terms, the Product will be the Sum of all the 
| Yd 


cher in the Scries. 1 > 38d 
his is ſo very plain and caſy to be underſtood; that ir 
de Wes no Example. 
Rs LEMM A II. 


the Series of Numbers, in Arithmcrich Progreſſion begin with a O- 

flier, and the common Difference bet. As q. I. 2. 3. 4. &c. 
(repreſenting a Series of Lines or Roots beginning with a 
Point) If the Laſ Term be Muhiply'd into the Number of Terms, 
the Product will be Double the Sum of all the Series.” 


That is, putting L,— the laſt Term, N the Number & 
u, and S= the Sum of all che Series. _ 
hen 
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Then will NL=2S. Conſequently, *NL=$S. 


52. one half of ſo many Times the greateſt Term as th 
Number of Terms in the Series. nes : "EY 


Thas got I+2+3+4 _ 10=the Sum of the Serics NI. F 
Cort qhtatqats 20=NL 25 


And this will always be ſo, how many Terms ſoever then 
are, by On ſect. 1. Page 185. 


L EMMA III. 3. 


If a Series of Squares whoſe Sides or Roots are in Arithmetick Py. 
Feſſcon,: beginning with à Cypher, &c. (as in the laſt Lemm 

7 inſinitely conlinu d, the Laſt Term being Multiply'd into h 
* -Number of Terms, will be Triple to the Sum of all the Seri. 7 
viz. NLL== 3S, or + NLL=S, 


| D 

_ That is, the Sam of ſuch a Series will be one Third of the 4 

Laft or greateſt Term, ſo many Times repeated as is the N. 

ber of Terms in the Series. 127 Jn 

|  - - -Jaſtances in Square Numbers. | © Su 
4+4+4 12 3 12 

2 TA 22 4 Co 1 
rororo 36 18 3 18 ö 


15+ 16416416418 8 ᷣ 2 3 - 
From theſe Inſtances it's evident, that as the Number of Tm in 
in the Series does increaſe, the Faction or Exceſs above; an 


5133 1 


vg ' 1 tenen 36 9 X 0. 
Decreaſes the ſaid Exceſs always being NE which, it. of 


ſuppoſe the Series to be infinitely continu d, will then becom th 
infinitely ſmall, via. in Effect norking at .: e 
Conſequently, + NLL may be taken for the true or peri]. 
Sum of ſuch an inſinitr Series of Squarts.. 60 
4 ec 
77 
ec 


* 3 elne 5 2 ci # e 

3 8 NY 8 L. EM M A IV. Y va . 
If. 4 Series of Cubes, whoſe Roots are in Arithmetick."Progreſ 
g | 45 & . - 3 . 0 « I 
egen with a Cypher, &c. (as: above) be inſunitely coptivs 


* the Sum of all the Series will be MLLI. S.. 
That is, one Fourth of the Laft, or greatcft Term, ſo n 


Times repeated as is the Number of Termt. 17 
| ng 222 DE 10 We 5” IIa 


o 
« 9 9. 


Apply d to Superficies and Solids. 399 

FF Inflances in Cube Numbers, 

. If o. 1. 2. 3 . &c. be the Roots of the Cubes. 
. 

* SEES FY) 10 13 4 


Sin ee 10. 1 


— — 


Ftir, 9 - 290 10 
BY 


—ä—ñ—ͤmĩä—— — — — — 


C 
From theſe Examples it plainly appears, that as the Number of 
Terms in the Sertes increaſes, the Frattion or Exceſs above 3 


] o +1+8 + 27+ 64+125 225_ 45 3 
3 


Decreaſes ; the Exceſs being always , Which, if we 


ſuppoſe the Series to be Iuſinitelj continu'd, will become Infinitely 
ſmall, or rather nothing. As in the laſt Lemma. 

Conſequently, % NLLL may be taken for the true and perfect 
Sum ob all the Term, in ſuch an infinite Series of Cubcs, 


LEM MAV. 


Is Series of Biquadrats, hoſe Roots are in Arithmetick Progreſſion, 
| beginning with @ Cypher, &c. as before, be infinitely contint'd, 
> the Fum of all the Terms in ſach a Series, will be ML. 


| The Truth of this may be manifeſted by the like Proceſs, as 
in the foregoing Lemma's, and ſo on for higher Powers. But if 
any one deſires a farther Demonſtration of theſe Serics, he may 
Are ſume) meet with ample Satisfaction in Dr. Wallis's Hiſtory 
b pot 4 1 Chap. 78 and 79, wherein the Doclor concludes with 
1 theſe Words: | 
| * Thus having ſhew'd, that in a Progreſſion of Laterals Cor 
8 Arithmetical Froportionals) beginning at o. the Sum of 
e 2, 3-4: 5. 6 Terms, is always equal to + of ſo many times 
= the greateſt, and there being no Pretence of Reaſon why 
. we ould then doubt it, in a Progreſſion of 7. 8. 9. 10. &c. 
e Ve conclude it fo to be, though ſuch Number. of Terms be 
ſuppos d infinite. N | 
Again, in a Progreſſion. of their Squares, having ſhew'd, 
hs that in 2. 3. 4. 5. 6 Terms, the Aggregate is always more 
| than + of ſo many times the greateſt ; and the Exceſs al- 
ways ſuch aliquot Part of the greateſt, as is denominared 
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<« by fix times the Number of Terms wanting 1. (As it the As 
c Terms be2,it is: + 3; if 3. it is ++; if 4, 
«is ＋ r if 5. it is + + z of fo many times the gre. 

« teſt Term, and ſo onward) we may well conclude, (ther: 

* being no Pretence of Reaſon why to doubt it in the ref) 

© that it will be ſo, how many ſoever be ſuch Number ot 

« Terms. And becauſe ſuch Exceſs as the Number of Term W 1} 
« do increaſe, will become infinitely ſmall (or leſs thanan 

cc aſſignable) we conclude (from the Method of Exhauſtion) MW * 
de that, if the Number of Terms be ſuppos'd infinite, ſuch MW vi; 
« Exceſs muſt be ſuppos'd to vaniſh, and the Aggregate d vt. 
<& ſuch infinite Progreſſion ſuppos'd equal to + of ſo many time 
ce the greateſt. | 

„In like manner, having prov'd that ſuch Progreſſion > 
« Cubes doth (as the Number of Terms increaſeth) approach 
ce infinitely near to + of ſo many times the greateſt) and gt 
c Biquadrats to , and ſo of Surſolids to * of ſo many time; 
© the greateſt, and ſo onwards as we pleaſe to try, (and there 
© being no Pretence of Reaſon why to doubt it as to the reſt) 
te we may take it as a ſufficzent Diſcovery, that (univerſally) 
< the Aggregate of ſuch infinite Progreſſion is equal (or doth 
cc approach infinitely ncar to ſuch a Part of ſo many times the 
& greateſt, as is denominated by the Exponent (or Number of 
% Dimentions) of ſuch Power (as is that according to which 
© the Progreſſion is made) increas'd by 1. namely, of Lateral; 
« 2. of Squares , of Cubes +; of Biquadrats +; (of ſo m- 
« ny times the greateſt) and ſo onwards infinitely. 

This Diſcourſe of the Doctor's I thought convenient to in- 
ſert, ſuppoſing it may give ſome Satisfaction to the Learner, v 
hear ſo great a Man as Dr. Wailiss Arguments about the t. 
Truth of theſe Fries, which I have briefly deliverd in the n 
foregoing Lemma s. b 


LEMM A VI. 


If any Too Series or Ranks of Priportionals, have the ſame Nun. f. 
ber of Terms, (whether Finite, or Infinite) it will aue 


(As the Firſt Term of one Series: is to the firfl Term of th ; 
be 4 other Series:: fo is the Sum of all the Terms in the one Series: ; 
(tothe Sum of all the Terms in the other Series, (12.6. 5 . 

t 


Apply'd to Surperfictes and Solids. 40 I 


he Is in theſe Numbers, 1 3 Or theſe Numbers 4 5 
i 2] © I2] 15 
4. 3] 9 36] 45 
| 49112 108] 135 
5|1 24 40 
205 22175 


Chat is 1: 3: 21:63 And 4: 4 


The Application of theſe Lemma g to Geometrical Quantities, 
| viz, to Lines, Surperficies, and Solids, wholly depends upon 
giänting the following Hypotheſes, 


A 1. That every Line is ſuppos'd to conſiſt or be compos'd of 
an infinite Series of Equidiſtant Points. 

2. A Surface (viz. the Area of any Figure) to conſiſt of an 
Iiſiaite Series of Lines, either Htreight or Crooked, according as 
the Figure requires. 

3. A Solid to conſiſt of an Infinite Series of Plains, or Super- 
fies, according as its Frevre requires. 

Not that we ſuppoſe Lines, which have really no Breadth, 
can fill a Space or Syperfiries ; or that Hains, which have not 
any Thickneſs, can conhitute a Solid : But by what we here 
call Lincs, are to be underſtood ſmall Farallelograms Cor other 
Superficies ) [nfs nilely narrow, yet ſo, as that their Breadths, being 
all taken and put together, muſt be Equal to the Figure they are 
ſuppos'd to fill up. 


tute a Solid, are to be underſtood Infinitely Thin; yet ſo, as that 


being all taken together, muſt be equal to the Height of the 
propos d Solid. | 


do underſtand as I can, I thall here propoſe a very plain and 
familiar Example. ' 
Vie. Let us ſuppoſe any Book to be compos'd, or made up of 
$190, 299, 300 (more or leſs) Leaves of fine Paper; ſuch a 
Riot, being cloſe put together, will have Length, Breadth, and 
EDepth of Thickne ſs, and therefore may (not inpreperhy) be call'd 
a Solid ; and each of its Edges (being Evenly cut) will be a Swfer- 
fies compos'd of a Scries of ſmall Parallelggrams, every one of 
their Breadths being only the Edge of a ſingle Leaf of Faper ; 
and if we conceive the T Ge of every one of theſe Leave, 
f | to 


y! 
he 


Ani thoſe Plains or Surperſicies, which are here ſaid to Conſti- 


their Depths or Thickneſſes (which are hereafter alſo call'd Lines). 


Now, in Order to render this Hypothefs as eaſy for a Learner 


* 
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to be divided into 10, or 100, or 1909, Cc. they will then be. 
come ſuch a Series of Infinitely ſmall Lines, as are (by the Hype. 
theft) ſaid to compoſe, or fill up a Verficies. 

And all the Superficres of thoſe Infinitely Thin, or diviet 
Leaves of Paper, will become ſuch a Series of Plains, or Supers. 
cres, as are ſaid to conſtitute a Solid, vis. ſuch a Solid as the Big. 
neſs and Figure of that Book, N 


Now according to this Idea of Lines, Superficies, and Solils, 
one may, without the leaſt Prejudice to any Demon ſtralion, Al. 
mit of the following Definitions, aud Theorems. 


Delinitions. 


i. The Arca's of Squares, and all other Parallelograms, au 
compos d or filld up with an Iaſi ite Series of Equal Ni 


Lines, 


II. The Arca of every plain Triangle, is compos'd of an il. 
finite Scries of Right Lines parallel to its Baſe, and Equally De. 
creaſing, until they terminate in a Point at the vertical Angle 


III. The Arca of a Circle may be compos'd either of an Jif- 
mite Series of concentrick or parallel Circles; or of an Infinile &. 
rica of Chord Lincs parallel to its Diameter; or of an In nume. 
ble Multitude of Scttors. 


IV. The Area of an Ellipfs may be compos'd, either of an 
Infinite Series of Ordinales Rightly apply'd, or of an Infint 
Series of Right Lincs parallel to its Tranſverſe Diameter, 


V. The Areas of the Paralola, and Hyperbola, are compos: 
of an Infinite Series of Ordinates, or may alſo be compos d d 
Right Lines parallel to their Axis, &c. 


VI. A Priſm is a Solid Body, contain d or included within 
ſeveral Equal Parallelugrams, having its an or Ends Equi 
and alike ; and it's generally named according to the Figur 


/ 


of its Baſc. That is, 


VII. A Cube Cor Solid like a Dye) is a Priſm bounded or in, | 


cluded within Six Equal Squarc Plains, | 
VIII. A Parullelopipedon is a Priſn that hath its Sides bounde! 


or included within Four Equal Færallelagrams, and Two Su | 


Baſes or Ends. 
IX. A Cylinder Cor Solid like the Rolling Stone in 4 Carden) 


18 only 4 Row P. %. having its Baſes OX Ends . perfect Crd: | 


The 


1 


X. The Sol1dity of every Priſm is compos d of an infinite Fe- 
rica of Equal Plains, parallel and alike to that of its Baſe. 


1 XI. A Hramid is a Solid bounded or included within ſeveral 
he plain Trianzles, ſet ypon any Poly onons Baſe, having their vere 
% MW tica! Angles all meeting together in a Point, call'd the Vertex, 
and takes its Name from the Figure of its Baſe, viz. it it have 
a Square Baſe, its call d a Square Pyramid, it a Triangle Baſe, 
% its call'd a Trianglar Hramid, &c. 
* XII. A Cone is only a Ro Pyramid, which hath been al- 
ready Defin'd in Page 355, &c. 
XIII. The S»/:dity of every Pyramid is compos'd or confli- 
tuted of an Infinite Series of Plains, parallel and alike to that 
ok its Baſe, Equally Decreaſing until they terminate in a Point 
„at the Ferie. | 


XIV. A Hherc or Globe, (viz. a Ball) is a Solid bounded or 

included within one Regular Srpcrfictes, being form'd or Gene- 
rated by the Rotation of a Scmi-cirele about its Diamelcr; (call d 

the Axis of the Sphere and its So/idity is compos'd or conſtituted 
ol an /nfonite Series of Concentrick Circles, whoſe Drameltcrs are 
the Chords of that Circle by which it was form'd. | 
XV. A Sphcroid Cor Eyo-like Figure) is a Solid bounded 
with one Regular Srperficies, form'd by the Rotation of a Semi- 
ciiffs about its Tranſverſe Diameter, (ca!Þd the Axis of the Sphee 
70:4) and its Solidity is conſtituted of an [nf nite Series of Cone 
ccutric Circles, whoſe Diamctcrs are the Ordinatcs ot that El- 
[ifs by which it was form'd. ; 

XVI. There is another Sort of a Soi calPd an Oblate he- 
voi, being form'd by rhe Ni,, an Ellipfs about its Con ju- 
ale Diameter; and it's like to a flat Tarncp. 

XVII. If a Si- arabola be turn'd about its Axis, it will 
orm a Solid call'd a Farabula Cincil, being compos'd of con— 
1 fitoted of an [finite Scrirs of Circles, whoſe 1 1ametcrs are the 
Ee Ordinate of the Parabola. | 

XVIII. IF a Pirabola be turn'd about irs Baſe or greateſt 
n Ordinauic, it will form a Nd call d a Fjramideid, hat moſt 
amonly a parabolick Spindle, which will be conſtituted of 
nie Serics of Circles, whoſe Diameters are Right Lines 
Fuwallel ro the Parabola's Axis. a 
IIX. If. an Hyperbols be turn'd about irs Axis, it will form 
= id call'd an Hyperbolick Conoid, being conſtituted of an 
finite Series of Circles, whoſe Diamzetcrs ate the Ordinates of 


the Hyperbola. 
5 Ff t 2 . The 
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XX. The Curve Superficies of all circular Solids (viz, Olli. 
ders, Cones, Spheres, 8c.) are compos d of an Infinite Series d 
the Peripheries of thoſe Circles which conſtitute their Solzdtties, 
Upon theſe ooo are grounded all the following The. 
rems; and therefore, if they were diligently compar'd with 
their reſpective Figures, it muſt nceds be of great Help to the 
Learner, and would render all that follows very eaſy ; where. 
in I ſhall begin with what hath been already Demonſtrated, by 


Way of introducing the reſt. 7 


THEOREM I. 


The Area of every Rigbt- lin d Parallelggram, is Obtain'd by My. 
tiplying the Lengih into its Breadth. 


That is, B D x FB — the Arca of the Parallelogram BD FC ol 


By Lemma 1. compard with F 6 2 
Definition t. — Ws 
Example, Suppoſe BD= 26 —— © 
And FB=9 A n . 
Then 26 X 92 234 the Ares. 6 
See Problems 1. Hage 339. B 1 4 
THEOREM UI. F 
The Arca of every plain Triangle is E ou to Half the Arca of u 
55 Parallclogram. 1 
That xx, — A = the Arca of A BCD, in the follow 7 
Figure. i 
Demonttration. 1 
Suppoſe the Perpendicular C A to be Divided into an I. WW» 
finite Number of equal Parts, as 4 
ar the Points 4, 4, 4, &c. 


and through rhote Points there 
were drawn Might Lincs paral- 
le] to the Baſe BD, viz. b 4 d 
b ad, bad, &c, Then will 
thoſe Lines be a Series of Terms 
in Arithmetick Progreſſion, be- | 
ginning at the Foint C, viz. o, bd, 2h d, 3b d, &c. as is Evi 
dent by the Figure, wherein BD is the Greateſt Term 21. 

and CA the Number of Term N. San o | 


- 


* 


Lil, N 


w= 


tt! 


ö 7 
10 


r 


any Point in the Radius there be drawn þD 


Ergo 2: 6, 2831853, &c. 
hey of the Circle whoſe Diameter 1s 1. 


75 3,1416. 


pnlyd to Duperficies and Solids, 409 


3 But NLS by Lemma 2. And S the Trian les A — 
'by oe Fe 2. 'Q. E. D. 2 rea, 


Example, Let B D 25, and C A =g., As aboye. 
en 26X 9 | 
e 


= 117. Or F x9 117. Or thus 26 X {= 117. 


the Arca requir'd. See Problem 3. Page 330. 


THEOREM III. 


The Perifheries of Circles are: in Proportion one to another, as their 
% © 3 
Diameters are. 


Demonſtration. 


Let the Periphery of a Circle be Divided into any Number 
of Equal Arches, by Right Lines drawn 

from the Center, viz. Radiuss) ſuppoſe 
them 8, as in the Annex d Fi ure, where- 
in AB is one of them. Then if through 


a concentrick or parallel Circle, its Feri- 
phery will alſo be divided into 8 equal 
Arches by thoſe Radius s; one whereof 
will be ab, and the A Cab will be like 
to A CAB. 


Therefore Ca: 2b: : CA: AB. Or c: C4:: 4b: 48 
Conſequently 2 C4: 20 A:: 84 b: 8A. 


But 2 C d the Diameter of the Circle, whoſe Periphery 
is 8 4h. | 

And 2CA=D A, the Diameter of the Gicle, whoſe Periphery 
is 8 AB. Therefore, Cc. as by Theorem. Q. E. D. 


| Example. In Chapter 6. Part 3. it was found, that if the Dia- 


meter of a Circle be 2. its Feriphery will be 6, 2831853, &c. 
: 1: 3,14159265, &c. the Pi- 


Corollary. 


| Hence it follows, that hecauſe Uaiy or 1. may be made the 
F Term in the Proportion, therefore 3,14159265, Cc. may 


be made a conſtant or ſettled Factor; which being Malliply d 
Into any propos d Diameter, will produce the Feriphery of that 


Tircle, 


| Note, Inflead of 3514159265; &C. it may be Sufficient to take 
| Qr 
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Or in whole Numbers the Proportion may be, 
As 7: 22: : Diam :: Feriphery 5 theſe Numbers may ſerve, ani bc 
Or 113: 355: : Diam.: Feriphery J T arè often uſed in com. Pratii, WT 


THEOREM IV. 4 


The Area of any Sector of a Circle, is Equal to half the Reft,yn 
o of the Radius into its Arch, the Kettanyl 
CA AB | 8 


That is, — = the Area of ACP. 


Demonttration. 1: 

Suppoſe the Radius CA to be Divided into an yſcnite Sri: We 
of Equidiſiant Points, as a, e, „„ &c, and 

through thoſe Points there were drawn T th 


Concentrick or farallel Arches, as ab, cd, 4 
3 f, &c. Then they will be a Series of Arches A 
in Arithwelick Progreſſion, beginning at the . 
Point C, (vi. o, 1, 2,3, Cc.) as plainly B. 
appears by the Figure, wherein the Greateſt th 
Term is AB=L, and Number of Terms "A 
is CA = NM. But E NL=S the Sm of * „ : WO 
all the Series, by Lemma 2, And S= the wi 
Seftor's Arca, by Definition 3. Q. E. D. 1 
Example, Let the Radius CA=12. And the Arch AB . 
Then === 48. Or v x8=48. Or * x 12= J. the 


Area of the Sector ACB. 


THEOREM; V. 
The Arca of every Circle, is Equal to half the Reilangle of 1" 


Radius into uts Periphery. 
That ir, according to Archimedes, 4 Circle is Equal to a Riyit 
Angled Triangle, whoſe Sides containing the Right Angle, ar 
Equal, one to the Radius, and the other to the Perimeter of lla 
Circle. Pro 1. de Dimenſione Circuli. | 


The Truth of this Theorem may be eaſily deduc'd from tie 
Laſt, thus, it we ſuppoſe the laſt Scctor ro be one Eighth Part 


0 
of a Circle; then it follows, that nd 


will be the Arcs of the whole Circle. 1 
Bur 44 B = halt the Circles Periphery; and CA S half is 
Diameter. Therefore, Cc. As per Theorem. Q. * 1 
TR | ve 


ö a 


— * 


Apply d to Superficies and Solids, 407 

4" xample, If the Diameter be Unity, or 1. the Feriphery will 

ve 3,4159265, C. by Theorem 3. 

men #142528 x } = 78539816, Cc. (or o, 7854 for 
Common Uſe.) will be the Arca of that Circle. 


Scholium. 


From henge naturally flows the following Proportion between 
the Square, and its [aſcrib'd Circle. 


: Als the Perimetcr (viz. the Sum of mM Four 
Diopoztion Kae of any Square: is io its Area:: So is the 
Pꝛopor s 2 the In ſcril d Circle : Jo its Area. 

That is, ſuppoſing AB =D S the Side of the Square, and 
the Diameter of its In ſcrib'd Circle. 
Then 4D S the Perimeter; DD = the A 


B 
Arca of the Square ; and 3,1416D the 
Pcriphery of the Circle. By Theorem 3. : | 
But 4D:DD:: 3,1416 D:0,7854DD — D 


the Circle's Area, 
And it DE 1. Then 4D —4 and 
DY=1XI=1. And the Peripbery 
will be 3,1416. a 
Ihen 41: 1: 854 Cc. As in the Example above. 

And from hence may be eaſily deduc'd the following Theoreme 


THEOREM VI. 


Tis Area's of all Circles are in Preportion one to another, As the 
Squares of their Diameters. (2. c, 12.) 


| For if D= the Diamcier of one Circle, and d = the Dia- 
1" WW 9ftc7 of another Circle. 


Ihen will 0,7854 DD be the Area of one Circle, and 0,7854 44 
ill be the A-ea of the other Circle, as above. 
„Eis DD : 0,78544d:: DD: 4d. Or thus. 

let D=the Diameter, and P the Nripbery of one Circle: 
| the Diameter, and f? — the P:riphery of another Circle. 

ne then I Dx PSD PSD Abe Area of one Circle. 
= And 32d f dþ = a the Area of the other Circle. 

3 «x 4] DP=4 4 (per laſt Theorem. 
| #042 = 


Aa 


Ne 


. 4 + 4 
| 


— — — — — 
282 — — — —— = 


_ 
—— a 
- 


— nn 
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4 + 22 * 
Burl r. : D: d. Per Theorem 3. 
5,6, 7 Didi: N | 
8 94D = 44d That is, DD a = dd4A4 
9, Anal. io BD: A:: dd: a. Or A: a:: DD: dd 


1 5 i QED 


Corollary. 


Hence it follows that becauſe the Square of 1, is 1. (viz, 
t X I = 1) and 0,78539816, Cc. Or o, 7854 is the Arg d 
the Circle whoſe Diameter 1s 1. ( As before) therefore it will}: 
x :0,7854 :: So is the Square of any Circles Diameter: Ty 
its Area. And becauſe 1. is the Firſt Term in the Proportin, 
therefore 0,7854 may be made a conſtant Factor; which being 
Multiply'd into the Square of any propos d Diameter, will pro. 
duce the Area of that Circle. 

Note, The Four laſt Theorems do plainly ſhew the Reaſon of al 
the common or practical Problems about # Circle; which, for ne 
Learner's farther Satisfaction, I have here inſerted together; n. 
Fofng as before, | 

D = the Diameter 
Thar | 


—— 


P = the Perihery of any propos'd Circle. 
A = the Area 
Then| Prob. 1. D, being viven, To find P. 
if : 3,1416::D:P, per Theorem 3. 
2 23,1416 DP 
5 Suppoſe D = 32. Then 3, 1416 & 32 = 100, 5315 


| 
| the Feriphery. 


-—_— 


F rample. 


6 


Prob. 2. D, being given, To find A. 


1:0, 7854:: DD: A4 Fer Theorem 6. 


3 
40,7854 DD= A 


3 9 
Example. Suppoſe D = 32. As before. 
Then 12 32 Xð 32 = 1024. 


And 


p- P Lon (a 


0,7854 x 1024 = 804,2496 the Area requir'd. _ 


Prob. 3. P, being given, To find D. 
= 0,3183 


351416 


18 P =D. 
* no Ex 


351416 therefore o 


This being only Converſe to the firſt 


27 


apply'd to Surperfictes and Solids, 40g 


Prob. 4. P, being given, To find A. 

2 C- 2 6 9,86965 DDP : 

6 $4 9 wn” Or d, 10132 PP=DD 

41218 od Or 1,2732 A=DD 
| For 55 det 

5 585 85 Or o, 10132 PP = 1,2732 

y 9X &c,| 10 I. Or 0,97957PP= A 2 
1 | trob. 5. A, being given, To find DV. 
5 82 |11 DV Or D=y 1,2732 A : 
x. Prob.6. A, being given, to find . x 
3 19x &c. 12 PP = 12, 56644 Or 772957555 
the 
| 2 = 6644 Or P= 
24 2113 12, 56644 Or Vion 


— 


Theſe Si Problems contain all the Fariety that can be pro- 
_ about finding the Periphery, Diameter, and Area of any 
Cercle. 
But if it be requir'd to find the Area of any Segment, or Part 
of a Circle cut off by a Chord, that Work will require a far- 
ther Conſideration. 8 ; 
u Fuſt, As to the Data, there muſt always be given the Diame- 
ler; or, either the Periphery, or Arca cf the Circle, in order to 
find the Diameter. 

Secondly, There muſt alſo be given, either the Chord, which 
is the Baſe of the Segment, or the verſed Line, which is the ith 
Leight of the Segment. % 

I fat is, either BG, or AF, in the following Scheme, muſt 1 


7 


be given, that ſo the Area of the A BCG may be found. 

, Then it's evident, (by the Figure) that if the Arca of the | 
(C be taken from the Area of the Scttor C B A C, the N 
Ke mainder will be the Arca of the Segment B A G. 
And if the Area of the Segment RAG be taken from the 
_ hole Area of the Circle, the Remainder will be the Area of j 

me other Segment DB C. ä | 


"as Example | 


— . — %,4 — 
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Example in Numbers, 
Let there be given DA=32. as in Prob. 1 
And the verſed Sine A F 6. 
Then ZDA=BC=CA=16. 
And CA—AF=CF= 10. 
But BC - CFS QB. 
Conſequently HEC QCF=BEF. 
Viz.y 156 =12,49 BF. 

Then by the Doctrine of plain Tri- 
angles, the Arch B A LBCA may be 
found in Degrees and Decimal Parts; . 
Thus B C: Radius:: BF: Sine LB CF 51, 31 Degrees, 
And then it will always hold in this Proportion ; 


1 the Circle's Periphery in Degrees: is to its Peripher 


in Equal Parts. (according to the Dimenſions taken) :: 


So rs the Arch in Degrees (viz. LB CA): To the ſum 
Arch in Equal Parts. 


That is, 360* : 105,531 2:: 51% 31: 14,3284 = B A. 
Then 14,3284 & I6= 229,2544 the Arca of the Sector BCAG, 
And 12,49 & 10=124,9 the Area of the A BCG. 

Their Difference 104,3544 = the Arca of the Segm. BAG. 

Or the Area of any Segment may be otherwiſe found (As mi 
wſually it is ) by a Table of the Segments of a Circle, whoſe Are 
is Unity, or 1. The Conſtruction ox making of ſuch a Table is 
very well laid down in Mr. Daric's Book of Ganging, Chap. 9: 
which he performs in this Problem, 


PROBLEM. 


tn a Circle whoſe Area is Unity, and its Diameter cut by Chor: 
Lines into 1000 Equal Parts, 10 find the Segment to any ver) 
Sine propos'd, not exceeding 500 of thoſe Equal Parts. 


Viz 


* 


1. Multiply the vcrſcd Sine propos'd by 0,002, and Sulirad 
the Product from an 2 money Prop > 


2. This Remainder you ſhall ſeek in the Common Table of M. 
tural Sines, (the Arch being Divided into Degrees and Centefm") 
which being found, let its Co- arch be doubled, and call'd 4. 


3. You muſt find the correſpondent Sine to A; which Sint 
being found, you may call S, and then it holds 3 
6,2831853) "06274532925 J Sg the Segmen edu 


Now 


apply'd to Superficies and Solids, 441 
| Now this Segment being thus found, if you Subdutt it from 
an Unit, you have the Co-ſegment, &c. 


Note, Notwithſlanding what hath been ſaid in the ſecond Precept 
of this Problem, it very often falls out, that the Remaider there 


ſpoken of, cannot be truly found in the Table of Natural Sines 


therefore in this Caſe my Advice 1s, that you make Two Operations, 
one with @ Sine the next Greater, and one witha Sine the next Leſs ; 
and in ſo doing you will be ſure to have the Segment requir'd bounds 
ed between the Reſults of thoſe Two Operations. 


Example, Let it be propos d to find the correſpondent Segment th 
the verſed Sine 263. 


Firſt, 263 X 0,002 c, 526, and 1 — 0,526 = 0,474, its 
Arch is 28*,29 being Leſs than juſt ; its Complement is 61,71 
which being doubled, is 123,42 4. 

Then 0174533 4 = 2,154080286 
— 0,8346556= 5 The Sine of A, 
6,2831853) 1,215430680 (0,209993 the Segment. 
ONS 1 AAP a 7 25 „ 
263 being Muitiplyd with 0,002 is 526. and 1 — 526 = 0,474 
its Arch is 28,39 being greater than juſt ; and its Complement 


1s 61,70, which being doubled is 123,4 = A. 


Then 0,917 A =2,1537372 
3 08228458 = the Sine of A. 
6,2831853) 1,3188894 (0,209907 the Segment. 

So you ſee by chats Te e chat the rale. is bound - 
ed, and tis very probable it may be o, 20995. LNG 

But to abbreviate this Large Faclor, and this Large Diviſor, 
I hall here inſert Two Tablets of them, which will be ready 
for Uſe, and Exact enough too. 


Di viſor. Fattor. Thus far Mr. Daric, which 1 
6,2832010 [174533 1 have here inſerted to ſhew the 
12,5664 | 2 om Learner how, by the Help of * 
18,8495]3] [052 599103 theſe two Tablets, and a Table 
25,1327|4| . TIN of Natural Sincs, he may cafily 
31,4159|5| 508726655] make a Table of Segments, 
37,0991 |6| |,104719716| whoſe Uſe ſhall be ſhew'd far- 
43,9823|[7| |,1221739|7{ cher on, viz. when I come to 
50,2655 [8 21396263 8| treat of Praftical Gauging. 
56,5487 9] 15157079 9 In the mean Time 1 fhalf here 


Ggg 2 To 


lay down avothgr Method, 


w——- 


m—_ 4 l— —— — — — — — 
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To find the Area of any Segment of a Circle (very near ) by x 
New Theorem, without the Help either of a Table of Sines or 
Segments, having the ſame Data as before in Page 44. 


R = the Radius, or 3 Diameter of the given Circle. 


Viz. 1 2 S the Difference between the verſed Sine and Rady, 


CSS half the Chord of the Segment's Baſe. 


2-RR— 14 Rd dd 
Theoꝛem. -- "IJ N 7 — XC=S,the Area of theSeom, 
Example, Suppoſe RBC =16. d =FC = 10. a0 
C= BF= 12,49. As before. mY = 
Then 2+RR= 597,3333- 13 Kd = 21353333. = 109 
3132333 =14Rd+ dd 
1iR+d=34) 284,0000 (8, 3529 | 


Laſtly, 8,3529 & 1249 = 104,3276 the Area of the Ser. 
ment B A GAs before. : : 


THEOREM VII. 


As Squares are To the Area's of their Inſcrib'd Circles, So arc Pi. 
rallelograms to the Area's of their in ſcribd Ellipfs. 
As the Square of the Diameter of any Circle: Is t iu 
That ig Ares :: So xs the Rectangle of the Tranſuerſe and 
conjurate Diameter, of any Ellipjis to its Area. 
Demonſtration. 


Circum ſcribe any Ellis with a Circle; and ſuppoſe an Infi! 
Number of Chord Lines drawn therein, all parallel to the Cu- 


Jugate Diameter; as thoſe in the annex'd Figure ; then it will 
As DA the Diameter of the Circle: [s to (Nn ) tht 
be Conjugate Diameter of the Ellipse: : So is (BAB) an 
Cnord in the Circle: To Cbab ) its reſective Ordinate in 
the Ellipfs. T 
For according to the Pro erty of the Circle . 
it isi S—TaxTa=nBa __ 
And| |by the Property of the Ellighs B. 2 
it 15]|DOTC:ONC:L.i\—TaxTa:nbea 7 
15 213 OTCONC:: OB4:nbs D c 
A 


Fea way . 99 Wh | 
onſeq. 5.2 TC: 2 NC:: 2Ba:2ba * ; 
That 15,16 DA:Nn::BeB:bab —_ od 
Pute D 270 and d 2 NC 


Then D: d:: Chord Bab: Ordinate bab, &c. 


„ 


„ a= 


1 


apply'd to Superficies and Solids, 412 


hut the Sum of an Infinite Series of ſuch Chords, as B 4B, 


do conſtitute the Arca of the Circle, by Definition 3. 
And the Sum of the like Series of their reſpedive Ordinates, 
45 0 ab, do conſlitute the Ellipfa Area, by Definition + 
Therefore D: d:: Circles Area: Ellipfis's Area, by Lemma 6. 
But D: d:: DD: Dd. Whence it follows, 
That D D: Circle's Area:: D d: Elliffs's Area. Q. E D. 
| Conſequently, As 1: is to o, 7854 :: fo is the Rectangle, or 
product of the Tranſverſe, and Conjugate Diameters of any Elliffes 


Jo its Arca. 


Example, Suppoſe TS —36.and Nnz=16, Then 36 x 16==576. 
And 576 X 0,7854 = 452,904 the Area of the Elli. 


Corollari es. 
1. Hence it is eaſy to conceive, that the Square Root of the 
Rellangle or Product of the Tranſverſe, and Conjugate Diameters, 
will be the Diamcter of a Circle, whoſe Area wil Ibe Equal to 
the Ellipfs Area. : 
Viz. v 576 = 24 the Diameter of a Circle = to the Ellipfe. 


# 2. All Segments of an Ellipfs and its Circumſeribing Circle, 
who ſe Baſes are Parallel to the conjugate Diameter, and of the 

ame Height) are in Proportion one to another, as their Baſes are. 
That is, BaB:b ab:: Area Scoment B N: Area Segment bNb ; 
Or TS: Nn: : Area Segment B NB: Area Seoment UN. 


; THEOREM, VII. 


Le Area of every Fllif/s, is a mean Proportional between the 


| Area's of its Circumſcribing, and In ſcrib d Circles. 


| The Truth of this Theorem may be caſily deduc'd from the 

Lift; for ſuppoſing DPS TS, and 

Mn, as before. Then it is al- 
ady prov'd, that DD: Dd:: Cir- 

Puſcribing Circles Area: Elliſa 

Area, 

Pat DD: Dd: :Dad:dd. 

Wherefore, Ellipfs Area: In ſcrib d 

de Area:: Dd: dd. | 

BY Theorem 6. 


1 


xample, Let T S=D = 36. and Nn = d = 16. As before. 
hen D P= 1296. and dd = 256. 


Then 
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51296 & 0,7854 = 1017,8784 the great Cirele's Ars 
Then will} 2586 * 0,7854 = 201,9624 the Teer Cirele's het | 
Suppoſe A = the Fllipfs Area. Then, according to the The. K 
rem, it will be, 10 17,8784: A:: A: 2010624. 
Ergo A A= 10178784 x 201, 0624 = 204657, 07401216. 
Conſequently, y 2046577401216 = 452, 3904 = A, t * 
Area of the Ellißſs, As before in the Loft Example. | 


Corollary. 


From hence it follows, that all Segments of an Elli no; 
its Inſcribd Circle, whoſe Buſes are parallel to the Tranſverſe DW; 
vecter, and have the Jane Height, are in Proportion one to ani 
ther as the Area's of the Ellipſs and Circle are. 

That is, Ares of Circle: Arca of Ellipfs : : Segment b Nor 
: Segment BNR. 5 
Or, Nn:TS:: Area Segment b N b: Area Segment BN}. ; 


SH EOREM IL 


The Solid Content o any Priſm (what Figure ſoever its Biſe 
of) 15 obtain d by multiplying the Area of its Baſe ini ii 
Height. N 


For Inſtance, a Parallelepipedon Cor ſqrare Priſm) is col 
tuted of an In nite Series of Equal Spuares ; | 
that of its Baſe BA ba being one of the Terms, B 
and its Height DB, or G A the Number of all Ae; 
the Terms. . „ 
Conſequently, the Area of BAba X DBS |... ood 
the Sum of all the Series (by Lemma 1.) which > Ea 
is the Solidity of the Parallclofip:din D BG A, 
by Definition 10. 


Example, Suppoſe the Side of the Ba ſch Ai B 
and the Height D B= 42. : 
Then will 16 x 16 = 256 be the Arca of the: Y 
Baſc. And 256 X 42 = 10752 the Solid Con- un 
tent of the Parallclopipedon DB GA. | 
In this Manner you may find the Solidity of all regular“ 
g0nious Priſms, whoſe Baſes (or Ends ) are parallel and au 
what Form ſoever they are of. ; 
That is, whether their Baſes are Triangles, Pentagons, He 


Octagons, &c. | 
gon, Or 43 ns, T . 1 0 gf 


apply'd to Superficies and Solids. ans 


THEOREM X. 


lien Evcr) Pyramid is the Third Part of the Pr; ſm, that bath the fame 
| Baſe and Height with it. (7. e. 12.) | 


| That is, the Solid Content of the Pyramid B VA, (in the 
ti: loft Figure) is one Third of its circumſcribing Priſm DB GA. 


Demonſtration, 


For every Pyramid that hath a ſquare Baſe (as BA ba, in the lat 

Figure) is conſtituted of an Infinite Series of Squares, whoſe Sides 

ui or Root gare continually Increaſing in Arithmetick Progreſſian, begin- 
Du bing at the Vertex or Point V (See Theor. 2.) its Baſe BA ba, be- 
aue ing the Greateſt Term, (SLT) and its perpendicular Height VC, 


. DB, is the Number of all the Terms (N); but =S 


be Sinn ot all the Series, by Lemma 3. and SS the Solid Con- 
„of the Pyramid BY A, by Definition 13. 


Example, Suppoſe the Side of a Pyramid's Baſe be BA 16. 
and its Height be T = 42. Then 16x 162 256 the Arca 
Ie. | 256 X 42 256 

bf its Baſe B Aba. And ce 3534. Or — Xx 42= 3584 


IC r thus, 256 x * = 3584, is the Solidity of that Pyramid BVA. 
| Corollary. 


From hence it will be Eaſy to conceive, that every Pyramid 
4 hof irs Circumſcribing Priſm, what Form ſoever irs Baſe is 
bf, vis. whether it be a Square, Triangle, or Pentagon, &c. 


8 
4 


L THEOREM XI. 
„Solid Content of every Cylinder, it obtain d by Multiplying the 
El Area of its Baſe into its Height. 
Por every Right Cylinder is only a round 
n, being conſtituted of an Infinite Series 
F cqual Circles; that of its Baſe or End be- 
ng one of the Terms, and its Height UB is 
e Number of all the Term. Therefore the 
irca of its Baſc BA being multiply d into 
B, will be its Solidity,* by Lemma l. 


& Let DBA, and HS GA. 5 
hen 0,7854DD x H= iis Solidity. 


D. 


J 


c 
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Example, Let the Diameter of its Baſe be D= 16, and u 
Peight H= 42. ; 
Then 1 : 0,7854 :: 16 & 16 = 256: 201,0624. the Arca gt 
ts Baſe. 
And 201,0624 X 42 = 8444,6208 the Solid Content of thy 
Cylinder D BG A. h 


only 


Daw Aa% Py end >. Ali. 


Hence it's evident, that every Square Parallelopipedon is ty 
its In ſcribd Cylinder, As 1: is to 0,7854. Or in whole Nun 
bers, as 452: to 355 very near. 

And that all Priſms are in Proportion to their In ſcribd Oi. 
ders, as the Area's of their Baſes are. 


THEOREM XII. 


The Curve Superficies of every Right Cylinder, is Equal to the Red. 
angle made of its Height into the Periphery of ita Ba ſc. 


That is, D B Multiplyd into the Peri hery of the Diameter B4, 
will produce the Curve Superficies of the Laſt Cylinder DGB A. 

For the Cylinder is conſtituted of an Infinite Series of Equi 
Circles; (according to the laſt Theor.) therefore its Curve Super. 
cies is compos'd of the Feripheries of thoſe Circles, by Defini 
tion 20. But the Peripbery of its Baſe B A is one of the Tem 
and its Height DB is the Number of Terms, Therefore, C. 
As by Lemma 1. 

To which, if there be Added the Area's of both its Ends 
Cor Baſes) the Sum will be the S erficies of the whole Cylinder, 


* „ 4 aa 


Fay 44 kk 


Example, Suppoſe the Diameter of its Baſe to be B A=16, 
and its Height D B= 42 As before. 
Then 1: 3,1416 : : 16 : 50, 2656 the Periphery of its Baſe. 
Again, 1:0, 7854: : 16 X 16 = 256: 201,0624 the Ari 
of each End or Baſc. 

Then 50, 2656 X 42 = 2111,1552 the Curve Superſice. WW 
To which Add 201,0264 & 2 = 402, 1248 both the end Are: 


The Sum = 2513, 2800 is the Superficics d 


the whole Cylinder. 


THEOREM XII. 


Evcry Cone is the Third Part of a Cylinder, having the ſame Buſt ä 
| with it, and their Altitudes Equal. (10. c. 12.) | 


Demon 


\ ; 


—_— 9 


— a. _ — 
apply d to Duperfictes and Solids, 41) 


— 


| —— 


I | 

'S Demonſtration, | 
The Truth of this Theorem may be eaſily conceiv'd by only 

conſidering, that a Cone is but a Round Pyramid, and therefore 

it muſt needs have the ſame X21:0 to its 9 bing Cylinder, 

as the Square Fyramid hath to its Circumſcribing hug f ; 


217, as 1: to 3, However, to make it yet Clearer, let it be 
farther conſider'd, That 


Every Night Cone is conſtituted of an Inſi- 17 
nie Series of Circles, whoſe Uiameters do con- 
. FW unvally Increaſe in Aruthmetick Progreſſion, be- 
li ginning at the Vertex or Point J, the Arca of 
its Baſe BA being the Greateft Term, and its 
Frrpcndicular Height VC the Number of all the 
Terms; therefore the Arca of the Circle B A 
W'x 7 Cwill be the Sum of all the Series, by 
Lemma z. which is the Gone's Solidity. 


Example, Let the Diameter of its Baſe be 
Þ A=16, and its Height VC = 42. 
Then 1: 0,7854 : : 16 K I6= 256 : 201,9624 the Arca of the 


En uſe. And r = 2814, 8736 the Solidity of the 
07 Cnc "A. Or thus, 201 0624 x # = 2814,8730, &c. 


nd, Cordlary. 
Hence it follows, that every Square Pyramid is to its Inſcribd 


%% as 1: 0,854. (Or, as 452: 355.) Conſequently, that 

A Hramids have the ſanie Ratio to their In ſcrib'd Cones ; As the 

Areas of their Baſes have. | 

t f a T - 

* THEOREM MV. | 
e Cirve Superficies of cvery Right Cone, is Equal to half the 

is. engl of the Pertphery of its Baſe into the Length of tus 
ide. . 


1 
hd The Truth of this Theorem is ſelf evident from the Definition 
l Ha Cone, Chap. 1. Part 4. where it appears, that the Curve Su- 

Wer ficics of every Right Cone (as BY A) is equal to the Area of 
Sector of that Circle, whoſe Radius is the Side of the Cone | 
) and its Arch Equal to the Beriphery of the Cone's Baſe [ 
4) But the Ares of any Sector is equal to half the Reclen- b 
ok the Radigs into its Arch, by Theorem 3. Therefore, Oc. f 


Hh h Example, 
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Example, Suppoſe the Len th of the Cone's Side to be V, — 
or V A= 42,7551. 
And the Diameter of its Baſe, viz. B A = 16. As before. 

Then will 50, 2656 be the Periphery of its Baſe. To 


fd 50,2656 42,7551 
2 


= 1074, 5553, Cc. the Curve of the 


Superficies. | p 
To which, if there be Added the Area of its Baſe, the Sum A; 
will be the Sypcrfi:ics of the whole (viz. all the) Conc. Ih 
That is 1074, 5553 Th 
+ 201,0024 the Arca of the Baſc. N 

T c 


Sum 1275,6177 is the total Sypecrficies, &c. 
Note, The lu of this Theorem may be prov'd from the O Or 
deration of the Laſt Theorem, and Definition 20. He 


Scholiium. 4 

From the 10th and 13th Theorems may be eaſily deduc: fou 
ſeveral Theorem: for finding the ſolid Content of "I Fruſtun the 
or Hart, either of a Pyramid or Cone, cut by a plain aralicl %s IIc. 


its Baſe. V 4 


Suppoſe a Sqrare Pyramid, as B FA, to = . 
be cut by a Plan at ab parallel to its £15 why 
Baſe B A, and it were requir'd to find 71A Ws 
the Solidity of the Fruſtum or Part ab AB. LEES it 
Let there be given + 0 

DBA the Side of the Greater Bu ſe. J 

d ba the Side of rhe Leſſer Baſe. * the 

H=CP the Perpendicular Height. * Or, 

. : 4H 8 ma 

Firſt ſi} D—4:HD1::0: JEET C by the Figure. Th 

| CR | * 
HA YC 
DD X * S the whole Pyramid BY A. i 
Then [2 
| By Theorem 10. Sup 
And 3 dd x VCC the Pyramid 4à LI cut off. 80 
Pig. 1 A. th hole Pyramid BY A E 

2 4 35 — 34 * Ole Hrami . b 
Andi, 35 = 4 = the Pyramid à Vb. a E 
4—5 5 e Fruſtum ab A B. * 
6, Reduc. y DD Ddꝗ dd: x HS the Fruſtum ab AB. 


Which in Words ives this following Theorem. 7 | 
Seesen? Ob we THEOREM. 


_— 


— © 


” Then|2IDD + Dd + 41 = 


* 


3 
1 — 3 4 . — XX 


Fr flum, 


* 


| apply'd to Superficies and Solids, | $19 


ON IT 


TIOHaEOREM-AY; 


| To the Reflangle of the Sides of the Two Baſes, Add the Sum of 


their Squares; that Sum being Multiply'd into one Third of the 
Fruftam's Heig Jht, will v2ve its Soli diy. 


Example, Suppoſe the Side of rhe Greater Baſe B A = 16, 
And the Side ot the L:ſer Baſe (or Top ) a b == 12, 
The Height CP = 9g. 
Then 16 x 12= 192. 16 * 16 = 256. _ 12 X 12 = 144. 


Next 192 + 256 + 144 2 692. and > ue Do = 1776. 
Or 592 x = 1776 the Cvatcnt of the Fruſlum of a Square 


Hramid. | 
And if it were the like Fryſ/um of a Night Conc, it may be 
found by the ſame Theorem. duppoſing D the Diameter of 


he (router Baſe. d = the Diamcter oł the Leer, and H= the 
He ight of the Fruſtum. 


Then being the Sum of all the Squares, which conftitnte the 
Fr uſt im of a Square Pyramid, are to the Sum of all the Circles, 
which conf{itute 5 like Fuiſlum of a KRivht Cone, in the Ratio 


r to 0,705 4+ (or of 452: to 355.) Therefore 


it will be 10,7854: :D D + Dd + dd x H: o,7854 DD 
+ 77854 DA ＋ 9,785 101 x '-H — the Concs Fruſtums. 

That | is, in the Jaſt Example, 1 :0,7154:: 1776: 1394, 8709 
the like F- r of a Right One, 


Or, becauſe - e. == 1 1273236, Cc. Therefore it may be 


made 1,2732 36) DD + D + 41x TI ( = the fame Frufftum. 
Thar is, 1,273236) 1770 (1394,97. Fre. As before. 
And if you take the Triple of this Diviſor, viz. 1,273236X3 


it will be 3.8197) DD + Di-+ 4d: x H $4 the F. um, Sc. 


Again, 


Suppoſel II =D d. And F= the Fri um. 


. by 7th Step of the Taft. 
a2 2 2j131xx= DD - 2D + dd 


* 


* þ D = -XX. Oc Da + E = 5; 


$ * Hf Da: XH F the Fruſum ab AB. 
Pl 5 


Hence we lave another eaſy Theorem for finding the ſame 


H h h 2 THEOREM 


_ —_ 
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THEOREM XVI. 


To the Rectangle of the Sides of the two Baſes, Add one third Part 
of the 1 * of their Difference ; that Sum being Multiply 
into the Height, will produce the Solidity. 


Example, Let D 16. d 12. and H= 9g. As before. 


Then Di= 192. D—d=4 = x. lr — „ 73333 


And 192 ＋ 5,3333 = 19773333. 
Laſtly, 19,3333 * 9= 177559907 the Solidity of the Fuſtin 
of the Square HBramid. As before. 


And 3,8 1968) 1775 997 (1394, 87, Cc. the like Fuſtum of 
2 Right Conc. As before. 

Either of the two laſt Theorems (being Rizhtly Apply'd) will 
produce the true Solid Content of all Fuſtums of any kind of H. 
ramids, that are Intercepted between two parallel and alike Hain 
or Baſcs. As above. 1 


But if ſuch Fuſtums are cut through the Extremitics of both 
Baſes by a Diagonal Plain (as Abin Baa 

the Annex'd Figure) into two Parts, 
Aab,and ABb.call'd Hoofs : Then 
the Solidiiy of thoſe Hoofs is uſually 
found by Dividing the middle Term Dd 
of the Aguaion DD DdÆ Ad 
into two Parts, and Adding one of > 
thoſe Parts to the Square of each Baſe. 1 


Thus, DD -+ 3 Dd: x + H= the Great Hoof AB b. 
And 44 +5 Dd: x N= the Leſſer Hoof Aab. of the 
Fruſtum of any ſquare Pyramid. | 


Then 3,8197) DD + + Dd: x H(= the Greater Hoof of a Cone i | 


And 3, 819%) dd +3 Dd: x H(= the Leſſer Hoof, &c. 


Theſe are the Theorems made uſe of by Mr. Dary in tis 


Bos of Can ing, and are pretty, near the Truth, but not ex- 
actly ſo; for they give the So/idity of the upper Hoof A? 
a ſmall Matter too big, and the Lower Hoof AB b as much 
too little. A | 3 . 

Now, in order to rectify that ſmall Error, I ſhall het 


propoſe the two following Theorems, which come very neat 


the Truth, and are more eaſily perform'd than thoſe propos" 
in the firſt Inpreſſeon gf this Book, . 


Fu 


apply'd to Superficies and Solids,” 421 


| Firſt, DD A. 40d D—4: x H will be the Solidity 


of the Greater Hoof A Bb. 
' Secondly, dd + E Dd + 


Solidity 


will be 


d -D: x A wil give the 
of the Leſſer Hoof AA b, of the Fructum of any Square 
Pyramid. ; | . 


And for the like Hoofs of the Fruſſum of any Right Cone, it 


3.5197) 4d + D +d—D : x + H(=the Leſſer Hoof. 


Note, In order to avoid many Words in the following Demonſtra- 
tions, let © fgnify any Cirele in general; and if any two Letters 
be join'd to it, thus, © B A, &c. it then denotes the Area of ſuch 
4 Circle as thoſe two Letters repreſent the Radius of. 


1d 


The Superficies of 


THEOREM XVII. 


the Area of its Greateſt Circle. 


every Sphere (or Globe) i F qual to Four Times 


That is, of a Grcle whoſe Diameter is the Axis of the Sphere. 


Demonſtration. 


It any Semi- circle Cas AT GS) be turnd or Mov'd about its 
Diameter (TO it will deſcribe a Solid Body call'd a Sphere, which 


dh 


will be Conſluued of an Infinite Series 
of Concentrict or parallel Circles, whoſe 
Diameters are Chords, viz. Qab. Odd. 
Oe, &c. by Definition 14. FO 
Y Conſequently, the Superficies of the + 


| Sphere 
ries of 


So idity 
Let D=TS, the Axis of any Sphere. 


| Then, 


Circle, 


will be compos'd of the Periphe- 
thoſe Circles which conſtitute its 
By Definition 20. 


according to the Property of a 
it 


will ber D - TUX TGS A4 
That is, z DN IU - UTA : 
Thereforeſz D* Tb =Q «T7. For nab + Q@Tb=mMaT 


x Td S Der 


; And Q DX TI = UI, &c. 


Hence 
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| Hence it's evident, that the Series geT H eT. 57, &, 
are in the ſame Ratio with Tb, T d, I/, &c. vis. in Aritt. 
metick Progreſſion. Whence it follows, that the @ a T S che 
Sum of all the Circle's Peripheries between J and h, 

And Oe I the Sum of all the Circles Peripherics between 
T and d, &c. 

Conſequently, that the © AT = the Sum of all the Circle, 
Peripheries included between T and C. That is, @ AT =the 
Superficies of the Semi-ſphere. 

And becauſe AC ＋ UTC NAT, and AC= O70 
Therefore @ AT = 204A Cis the Syperficics of tlie Hemi- ſphere, 

Conſequently, 40 A C will be the Syperficies of the whole 
Sphere. Q. E. D. | 


Example, Suppoſe the Axis TS D = 16. Then DD= 280. 
And 1: 0,7854 : : 256: 201,0624 = © AC. For £ D= AC. 
2 201,624 X 4 = 804, 2496 the FSuperficics of the whole 
Sphere. | | 

707 becauſe 3, 1416 is four times , 7854, therefore it will 
always be 1: 3,1416: : DD: 3, 141600 the Superficies of 
the Sphere (as before) and it's equal to the Cove Syperficics of 
2 Right Cylinder, whoſe Diameter and Height are each S the 
Axis of the Sphere, | 

For 3,1416D = the Periphery of the Cylinder's Baſe, and that 
Multiply d with D its Height, will be 3,1416DD the Curve Sy 
perficics of the Cylinder, by Theor. 12. 

And if to this, there be Adled the Area of its Two Baſes, ( 
Ends) vig. 1,5708DD. Then it is evident, that the whole 
Superfictes of the Cylinder will be to that of the Sphere, in tlic 
Proportion of 3 to 2. 


Schol 1M. 


From the Method here us'd in proving the laſt Theorem, it will 
be eaſy to find the curve Sußerſi ics of any Seoment or Part ot 
a Sphere, that is Ct off by a Right Line or Plain; vis, ſuch as 
rhe Segment 4 Tm in the laſt Scheme, whoſe Curve Superfities 
is © 4T, (as above.) Therefore (becauſe N ab + QTb = na!) 
it will be @. 4b + © Th = the Curve Supcrfizzes of that S- 
ment. 
But if the Axis TS, and Height T of the Segment are given 
then it will be TSX T N41, as in the third Step above. 
Which gives this Proportion or Theorem. | 

Viz, 


apply'd to Duperficies and Solids, 423 


As the Axis of the Sphere: Is to the whole Superficics of 
Vize 1 5 kt : So is the Height of any Segment: To its Curve 
Nuperficies, 
To which, if there be Added the Area of the Segment's Baſe, 
the Sum will be the Syperfictes of the whole Segment. 


THEOREM XVIII. 


| Every Sphere is Equal to Two Thirds of its Circumſeribing Cylinder. 


That is, of a Cylinder, whoſe Height and Diameter of its Ba ſe 
ice each Equal to the Avis of the Sphere. 


Demonſtration. 


According to the Work in the laſt Theorem, it appears, that 
G) ab. Oed. © , &c. do conſtitute the 
$vlidity ot the Sphere, and that QaT, 
ge, 0 pt, &c. are a Series of 'Cerms TA 
in Ariuhmetick Pragreſſion, MAT being C 
the -reateſt Term, and TC the Number = 
of Terms. Therefore Oh AT x£ TCA 
— the Sw of all the Series. 
per Lemma 2. | 
And becauſe 2 — N = nab. 
Je- S Ded. 91-17 S 
nid OAT - ICS DA, &c. 
wherein (T6, Q1d, 07, &c. are Series of Squares, whoſe Roots 
Tb, Td, Tf, are in Aruthmetick Progreſſion; UIC being the 
(Greateſt Term, and T C the Number of Terms, Therefore 
© TC NYS the Sun of all that Series. per Lemma 3. 
Conſequently, OATX TC: OTC ITC S the Sum 
of the Serie © ab. Oed. Oy, &c. which Conſtitute the Solidiiy 
of the half here ATG. Put D = 2TCthe Axis of the here. 
Then Dr I TC, and 3D =" TC. And becauſe AI = 2, 
therefore O AT = 2QTC= 1,57:8DD. And 1,5708DD x 4 D 
= 2,2927 DDD. x 
s ty © TCx+TC=0,7854DD x 5D = 0,1309DDD. 
hen 0,3927DDD — 0,13:9DDD = o, 26180 DD the Solidiry 
olf the Semi- ſphtre A TG. il 
g Conſequently, o, 2518 DDD x 2 =0,5236DDD vill be the ſolid ii 
Content of the whole Sphere, which is Equal to + of the Cylin- | 
der, whoſe Diameter of its Baſe and Hei ht = D. 
| For 0,78534DDD = the Solidit, of the Cylinder, by Thecr. f t. it 
But + of 0,7854DDD = 0,5236DDD, as before, [il 
1 herefore, Cc. as by Theor, | | 


Example, 
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Example, Suppoſe the Axis D = 16. then DDD = 096, „ 
and 1 :0,5236 : : 4096: 2144,6655 the Solid Content of that Di. 


Sphere. an 
7 0 the 
. Corollarics, | it « 


I. Hence it appears, that the Solid Content of every Her R 
is Equal to its Syperficies Multiply'd into one ſixth Part of it; %, 
For its Superficies is 3,1416DD, by Theorem 17. 
But 3,1416DD x 2 D =0,5236DDD the ſolid Content, as before, 


2. And hence it is alſo Evident, that there is the like Nai 
or Habitude between the Cube and its [nſcrib'd Sphere, as is be- 
tween the Square and its /nſcrib'd Circle. And that is, As the 
Superficics of any Cube: Is to the Syperficres of its Inſcril't 
Sphere: : So is the Solid Content of that Cube: To the Solid 

ntent of the Sphere. (See the Circles Proportion, Page 407.) 

For if D the Side of the Cube, then 6DD = its Superficies, 
and DDD = its Solidity. And 3,1416DD= the FSpherc's Superficics. 
But 6DD: 3,1416DD: : DDD: 0,5236DDD the Solidity of the 
Sphere, As above. 


Scholtum, | 


From the Proof of this Theorem, it will be eaſy to deduce or 
Raiſe T heorems tor finding the Solid Content of any Fruſtum or | 
Seement of a Sphere; as a Tn in the laſt Figure, Fg 


For we there 1 the Segment 4 Tm to be Conflituted of 11 
an Infinite Series of Circles, which have the ſame Ratio with all 
thoſe Circles that Cynſſitute the Semi-ſphere. 1 
Therefore it follows, that O at X YT: — @bT x +Tb "ag 
will be the Sum of all the Circles intercepted between T and l. ;; 
Conſequently it will be the Solidity of that Segment. "A 


And becauſe 3 ab + Tb = ge I: Therefore, 
OA +OTbxit7b:—QTbx*'b= the ſame Solidity. *. 
Let e ab, half the Segments Baſe ; h Tb, its Height ; and g. 
S the So/idity of the Segment or Fruſtum. 

Then O4 b— 3, 14165. and O T B= 3, 1416/0. 


5 I % | F 
Conſequently, —.— 5 2 —— CS —_— S. v 
which being reduced, will become zech + bbh x 0,5236 = . 
Or 1, 0855) 3ccb + bbh( SS. For o, 5236) 1, 000 (1, 909855 
which is one Theorem for finding the Fru s Soli dit). 


Note 5 


apply'd to Superfictes and Solids. 425 


Note, Here we ſuppoſe the Height of the Segment, and the 
Diameter of its 74 to be given Bot if the Axis of the here, 

and the Height of the Segment be given; then putting D = 

the Sphere's Avis, h= the Segment Height, and c as before, 

it will be D—hxh—_cc. Viz. Db —hh—cc. 

Therefore ZDþh —2hhh=3cch+bhbh. 

Conſequ. ZDþþ — 2hhhx0,5236=S the Fruſkum's Solidity. 

Or 1, 0985) 3 Dþh—2hhh (SS. As before. 

Which is a ſecond Theorem for finding the ſame Fuſtum aTm. 


And if it be requir'd to find the Middle Part am MR, uſual- 
ly call'd the Middle Zone of a Sphere; _ 
Ihen, becauſe it is ſuppos'd that 
am , or which is all one, that 
CS Cz; therefore it is plain, that 
it Twice the Segment aTm be taken 
from the FSolidity of the whole Sphere, 
there will Remain the Aliddle Zone 
amNK. | 

But becauſe that Work is a little 
troubleſome, 1 ſhall here ſhew who * 
to raiſe a Theorem for the doing it. 


Firſt, Becauſe AC—=pC=eC=4l=TC. Therefore 
AC -C = 4b, c. 

Here becauſe AC. AC. AC, &c. are a Series of 
Fquals, and Ch the Number of all the Terms; therefore AC 
x Cb = the Sum af all that Series, by Lemma 1. 

And Cf. oa Cd. O Cb. &c. being a Series of Squares, 
| whoſe Roots are in Arithmetick Pragreſſion, beginning at the Center 
or Point C, viz. o, Cf, Cd, (b, &c. wherein the Greateſt Term 
is J Cb, and Number of Terms is Cb. Ergo OClx+Ch= 
the Sum of all the Series, by Lemma 3. FOE 

Conſequently, the & AC xCb:—©Cbx+Ch=the Sum 
| of all tho Scrics © yf. Oed. O , &c. which do conſtitute 
| the S»/rdity of the half Zone am AG. 

And becauſe A = C= b. Er OA C- OA Oh. 
Conf. OAcx Cb. SA 2 20A C Ob: x+@ 
| Will be the Solidity of the alf Zone. 

Fut DS AG=2AC. Sam. and HBS 2 Cb. 


Then @AC=0,7854 DD. © 4b = 0,7854 xx. And if 
we turn the common Factor 0,7854 into the Hier 1,27323 
| Ny Ii; | | 24 
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and then take Triple of that PR viz. 3,8197 (As beforc h — 
the Fruſtums of Pyramids) the Reſult of the precedent Won B 


will produce this following Theorem. * 
| 2DD + xx __ the middle Zone Ne 
THEOR. *. C 381 H EY 2 0 
1 

Y THEOREM XX. | 
Spheres are in Proportion one to another, as the Cubes of tht! or 
| Diameters. (18, e. 12. n 
Demonſtration, * 


Suppole D = the Diameter or Axis of any Sphere. and {= A4. 
the Diamcler of another Sphere, either Greatcr or Leſſer. 2 

Then is 0, 5236 DD — the Solidity of one Sphere, a I 
c,5236dd4d = the Solidity of the other Sphere, by Theorem 18, 
But DDD: dad: :0,5236DDD : o, 5236dd. Q. E. D. c, 


THEOREM, XXI. 3d 


The Solid Content of every Spheroid is Equal to Two Thirds of it / 
Circumſcribing Cylinder. 


Demonſtration. 
Suppoſe the Figure NTa SN in the Annex'd Scheme, to te. 
preſent a Fpheriod, form'd by the Rotation of the Semi-eliſſ 
T7 NS about its Tranſverſe Axis TS, (as by Definition 15.) 


| = BY 
LetD—TS the Length of the Spheroid, and the Axis WW + 
ics Circumſcribing Sphere, And d = N n the Diameter of te be. 
Greateſt Circle of the Hheroid. 
Then becauſe TC: NVC: : O Ab: b, by Ne 3. in Theor. WW 
Therefore it will be DD: dd:: Ab: A:: OA: ©46,5 WF 
But the Sum of an Infinite Series of T 
ſuch Circles as © Ab, (whoſe Diameters 3 


8 - "4 4 
4 — — * 
. 


are Chords) do conſtitute the Solidity of 
the Sphere, (as before at Theorem 18.) 
And the d of an [fenite Scrics of ſuch : 
Circles, as © l, (viz. whoſe Diameters : 
are Ordinalcs 95 the Elliſiſa) do conſtitute 
the Sidi of the Spheroid, by Defini- 
770 15. 

Ergo DD : 44; : 0,5236 DDD: 0,52364d D 
= the Solidity of rhe Spherord, by Lemma 6. 


apply d to Superficies and Solids. 427 


But 0,5236ddD = of the Cylinder, whoſe Diameter is d, 
and Hei.ht =D, by Thewem 11. Q. E. D. 

Now from this Proportion between the Spherc and irs In ſcrib d 
Sheroid, it will be very eaſy to deduce Theorems for finding the 
| $11: Content, either of the Sent or Midile Zone of any Sphe- 

doi, having the ſame Height with that of the Sphere. 


As the Solidity of the whole Sphere : Is to the Solidity of the 
For 1576 Spheroid : So 13 any Part of the Sphere : To the like 
Part of the Spheroid, by Cunver ſe to Lemma 6. 


As for Inſtance, Suppoſe it were requir'd to find the Middle 
gon of any Vheroid. 


Let DSI, and d = Nn, as above 5 and He—ebB.x _ 
A.i1, as in Theorem 19. And let c= am, 


Ihen I * H — the Middle Zone of the Sphere, And 


WA + a 
2DD)+xx 2d HH xxaAdx 
288 573 51% 358197 38197 


= the Middle Zone of the Spheroid. 


Again, DD :d4d::xx:cc. Therefore 55 

xxdd II ec 
Conſ⸗ ly, X — =—— - Whi 7 
onſequently, Hy * 75197 771 x II. Which being 
xxdd x H 
= 3,8197DD 
| THEOREM XXIL 7 24d & cc 1 . 757 Middle Zone 


| 3,8197 ot the Spheroid, 
being the very ſame with 7 hcorcay ig. 


CC's 


| taken inſtead of there will ariſe this following 


| Note, In the ſame Manner you way Raiſe Theorems for finding 
| ine Scomment of a Spheroid, cut off ciiher of 113 Ends, &c. 


THEOREM XXIIL 
The Arca of every Paralola is Equal to Te Thirds of its 


Circumſerrbing Fara'lclog-am. 


Demonſtration, 5 
| Let the Figure S AB repreſent half a Purabola ; make DB 
| Faralle] to the Axis SA, and Sd paraliel ro the Sem-ordi- 
nale AB, And ſuppoſe Sd to be Diveded into an Inſi !ite 
| %%%ͤͤͤͤÜ%öuV © Sw . Series 


a” > —— 
— 2 — 


r 


— 


* 
— — — 
R 
.: KÄ•˖—ñ— — 


— 0 - 
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Series of Equidiſtant Points, as f, g, h, &c. and from thoſe 
Points imagine a Series of parallel Lines, viz. fn, g n, h % &. 
to touch the Curve of the Farabola, and meet the Semi- ordina 
mA, ne, yp, &. 14 
Then according to the Property of the Parabola it will 1 
1 11SA:DO AB::S2: O $8hd 
be? [2!1S4:Q0 AB::Se: Gen EE be 
\ 3 SA: AB:: Sy: Oy, &c. 
Bur | S m. Se gn. S\= hp . SA dR 
Therefore alternately it will be 
3, 14 DAB:dB::nyp:bp 
3: 14 OAB: d B:inen:sn : 
1, 161M AB:;dB:: Flam:fm, &c. FF: M2 2 
7 
In theſe Proportions Ja N, Nen, y, &c. are a Series of al 
Squares, whoſe Roots, Sf, Sg, Sh, &c. are in Arithmetici 4 
Progreſſion, beginning at the Foint S. And becauſe the Lina U 
hp, g n, fm, &c. have the fame Rat, therefore they are az i 
ſuch a Scries of Squares, wherein 4B is the Greateſt Term, and ol 
Sd the Number of Terms. 
dB; v : (: 
Conſequently - = the Sum of all thoſe Lines, by Lemma. th 
But SA x AB =dB x Sd. Therefore CIR — the Sum C 
of all that Serzcs of Lines; but all thoſe 3 do Conſtitule the B 
Area of the Sem-Parabola's Complement, viz. the Area of what iÞ 
half the Farabola SA B wants of compleating or filling up the 
Parallelogram Sd AB. f 
Wherefore SA Xx AB: — SA AB 2ST will be / 
t 


the Area of half the Parabola SAB. 


Conſequently, 28 A x b B, will be the Arca of the whole 1 © 
Farabola b SB. Q. E. D. | | | 


Example, Suppoſe the Baſe or Grcateſt Ordinate of a Parabils I 7 
to be hB — 24. and its intercepted Diameter or Axis be SA=33, 
Then 2 SAX bB = 66 x 24= 1584. and 3) 1584 (528 the 
Area of that Parabola. To | 


THEOREM XXIV. | 
Every Parabolick Conoid is Equal 20 one Hef of its Circumſeribing 


V Cylinder, 
| | Demott 


A 
_—_— 


apply'd to Superficies and Solids, - 429 


Demonſtration. 


If any Semi- Parabola (a> BSA) be turn'd or mov d about its 
Axis, (SA) it will form a Solid Parabolic Conoid, conſtituted of 
an Infinite Series of Circles, viz. Oba, Ofe, Ogy, &c. by Defin. 17. 

Now, according to the Property of every Parabola, it will 


be, SA: AB:: AB: DO =L, the Lalus Rectum 


5 x LS ba 


— OC 


Then) Sex LS fe 

| « CSyxL=DN gy, &c. 

HereSaxL, Sex L, Sy x L, &c. 
are a Serics of Terms in Arithmetick Frogre ſ- 
fon. Therefore 4, fe, Oggy, &c. are 
alſo a Series of Terms in the ſame :rogreſ- 
fon, beginning at the Point &, wherein 
As is the Greateft Term. and SA the | 
Number of all the Terms. Therefore AB x 2 FA = the Sum 
of all the Series, by Lemma 2. 

Conſequently, © AB x A= the Sum of all the Scrics of 
© ba, © fr, © 2y, &c. which do conftitute the Solidity of 
the Cid. | 

And putting P 2AB, and HS SA. 
Then, 0,7854DD x Ho, 3027 D DH will be the old 
Content of the Conoid; which is juit half the Cylinder, whoſe 
Baje = D, and Height = H. See Theorem 11. Q. F. D. 


This being underſtood, it will be eaſy to Rai ſe a Theorem for 
finding the Lower Fr://ur; of any Parabolic Condid. 
For ſuppoſing h 2 A the Height of the Fruſlum, and 
J. S the Herght of the Part b Sb cut of. Then h = SA 
the Height of the whole Conoid. 


OABXb+©AB xp 


Conſequently, = : — — = the Solidity of the 
| whole Conord. , 8 
And Q29%F = the $0/1d!1y of the Part cut off 2 | 


: EN 
SAR xb+ QABXp Ol, „ A 
Ergo * 4 $A —. 2 „ 
4 the Solidity of the Fri ſirum. 
| 8 But] 2% ++ /: AB: :: A 
onſcq.ſ 3% +: © AB::p:© ba B 


3 » 04 X/=Obaxh+QObaxp 9 . . l. 


* 


8 4—© 


— 
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4— Oba x 55 O AB p: —Obaxp=Obaxb 

a I X "261@ ABXb: + © ABXpi—Obaxp=2F 
6 — SO ABXb=2F: —Qbaxb 

+ 0 180 AB+b: + Ola Xx HS 27 


— O AR ba 
8 4 7 — 7 2 :* F the Fruſlum's Solidiy, 


Let D AB, as before, and d 204 the Djamcter ot 
the Fart cut of. Then we ſhall have this following 


xv 5 0,3927 DD + 05,29274d: x h = the 
THEOREM XXV. * Solidity of the Frofturs requir d. 


DD + ad | 

Off ets S the F uſtum. For ,3927) 1,0050 ( = 2,54% 
And becauſe 2,5464 + — = 358196. Therefore it may 

be made 3, 8196) DD + dd: x $h(= the ſame Fuſtum, &c. 


Note, The Reaſon why I hade read this Theorem to have the 
Same Divi ſor wilh thoſe at the Fruſtums of Pyramids, 8c. will bf 
appear farther on, viz. when they all come 10 be af d t9 Practice 
in Gayging. | 
--T-RE OR EM. XXVI. 

Every Parabolick Spindle (or Pyramidoid) is Equal to Fi 
Fifteentks of its circum ſcribing Cylinder. 


Demonſtration. 


If any Acutc Paraboſa, as L & R, beturn'd or mov d about ity 
Greateſt Ordinate b A B, it will form a Solid call d a Parabolic 
Spindle, conſtituted of an Infinite Serics of © ma, © ne, Of), 
&c. by Definition 18. 

Let us ſuppoſe the Line & d parallel to A B, &c. As at T*. 
rem 23. Then jt hath already been prov'd, that the Lincs in, 
gu, hy, &c. are a Scrics of Squares whoſe Roots are in Axritl- 
metick Progreſſiun. Conſequently, their Squarcs, viz. DE f MW, 
Den, DO bf, &:. will be a Series | 


ot Biquadrals, whoſe Roots will be L k 
1n Arithmetick Pegreſſion; which r 
being premis d, we may procced ＋ 
thus. {| 

I. S4—fi=me 72 AA YB 


rich IF — s nne 
CCNA -D FD, K. 


2 td — 


WI 
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1 & nSA—2SAxfm+Ofn=thD nr 

2 G 215] a SA - 2 SAN g g = Une 

3 & 21610 SA—2SAxbp+ Do = Op y, &c. 

| 1. In theſe e/Equations, rhe OSA, L A, SAbeing a Serics 
of Equals, and 4 B the Number of all the Terms; therefore it 

will be 0. SA x AB = the Sum of the Series, by Lemma 1. 


2, Becanſe fm, gn, hy, &c. areas a Series of Squares, 
wherein SA is the Createſi Term, and AB the MWomber of all 


2SAxXSIX AB 205A 4 
the Terms, Therefore — — 2 — will 


3 = 3 
be the Sum of all that Series, by Lemma 3. 


3. And the Fm. g, &c. will be a Series of Terms 
in the Ratio of Brquadzates, as above, U dB S A being the 
Greateſt Term, and AB the Number of all the Terms; 


S. 2 
therefore it will be © 4X 2 — the Sum of all the Scrics, 


5 


214 


by Lemma 5. 


208 5 
Whence it follous, that NSA AB— = AX — DOSAxA 


— 
* 


; 30S 5 
S tlie Sum of all the Series of © wa, Q nc, Y, &c. 


That is, © 0 _ . = the Sum of all the Series of 


Om. Une. Oh. Ud B. Kc. 
80 SA x AB 


Conſequently, 


Oma. One. Op y. &c. which do conſtitute the Solidity of half 
the Spindle, viz. of A B. = | - 
* Therefore, putting D =2SA, and H=24B (viz. b A B) 
it will be 0,41888D D H= the Solidiiy of the whole Parabolick 
Spindle b S By being 4 of 0,7854UDH the Solidiy of its 
Circumſcribing Cylinder. Q. E. D. 
From hence we may alſo Raiſe a Theorem for finding the 
Fruſlrum & A py of the laſt Figure, 
For QSA being the Greateſt Term, © þ y the Leaff Term, 
and Ay the Number of all the Terms or Circles included be- 
tween Aand y. 


= the Sw» of all the Series of 


2SAX/ hf 
OSA. — ＋ 1 * A; — #2 the Sun 


N. 
of all the Series NSA. Oma, gn, O fy. 
[ 
1 x 32 3084-284 x bp x 


Therefore I | 


| is 
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30M 32 


8 17 

2 + Ay 300 S- 284 x by + = = „ 
But 440A 284 hp = Q- hf By 6th Ste 
J 1 

6 


„ 
3—4 E =o + op 


5 = &C. 20SA + Ofy—3z OW = 


Conſequ · ] 7]2 © SA + © fy —=+Obpix+Ay=3. the 
Sum of all the Series of OSA. OMA. © ne . © fy, which 
do conſtitute the Solidity of the Fryftlum SAty. Therefore 
putting D = 2SA, as before, C= 2py, x = 2bp, and H=4, 
it will be 1,5708DD + 0,7854CC— 0,31416xx : Xx + H 
the Fuſtum SApy. And if we make L= 2H, 

Then 1,5708DD + 0,7854 CC— 0,31416xx: K L =the 
Dogble of that Fuſtum, being the Medal Zone. And by turn. 
ing theſe Fatlors into one common Divi ſor, as in the Fruſ/m 
of the Onoid at Theorem 25. Page 430. there will ariſe thus 
following Theorem. 


| 8196) 2DD CC - Ov : x L (= 
THEOR, XXVII. 4 = Middle Zone of a Per abolich Spindle, 
It may be here expected that I ſhould now proceed to ſhev 
how the Area of any Hyperbcla, and the Contents of ſuch Soil: 
as may be form'd by the Rotation of that Figure about its Ari, 
Kc. may be found, But becauſe thoſe Things cannot be 
exactly perform'd by any certain or ſettled Theorems, as thee 
of the Circle, Ellipſis, and Parabola have been, I've therefore 
omirted them, and refer the Reader ro Dr. Wallis's Algebra, 
Chap. Ho, &c. or to the Philoſoph. Tranſ. Number 34. wherein 
he may find the Method of forming In inite Series relating to 
the ſqnaring of an Hyperbola, &c. which are too tedious to 
be fully cæplain d and Demonſtrated in this ſmall Tratt, it be- 
ing Rant intended as an IntroduGion, the which I ſhall her 
conchuge, 5 


F 
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An APPENDIX 
O F 


: 
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Pradical Gauging. 


; 
1 H E Art of Cauging is that Branch of the Mathematics 
i f call'd Sereometry, or the Meaſuring of Solids, becauſe 
3 the Capacities or Contents of all Sorts of Veſſels uſed for 
Liquors, &c. are compured as tho' they were really Solid Bo- 
dies, which any one that hath made himſelf Maſter of the fore- 
going Parts of this Treatiſe, may eaſily underſtand, without any 
farther Directions. 
However, becauſe it is not to be ſuppos d, that every one 
who deſigns to undertake the Office or Employment of a Gaus 
ger, hath made ſo great a Progreſs in Mathematical Learning, I 
have therefore preſented the young Gauger with this qc fro IT 
wherein I've only inſerted ſuch Rules as are uſeful in Gagging, 
and have been already Demonſtrated in this Treatiſe. But here- 
zin, I pre-ſuppoſe that he hath acquir'd, (or if not, it is very 
Nequiſte he ſhould acquire) a competent Knowledge both in 
$Arithmetick and Geometry, That is, 
1. In Axrithmetick he ſhould underſtand the principal Rules 
'ery well, efpecially Muliiflication and Divifon, both in whole 
PVumlers and Decimal Paris; (which may be eafily learn d cut of 
he 2d, 3d, and 5th Chapters of Part 1, ) that ſo he may be ready 
in computing the Contents of any Veſſel, and caſting up his 
PCanges by the Pen only, viz. without the Help of thoſe Lines 
pf Numbers upon Sliding Rules, ſo much Applauded, and but too 
much practis d, which at beſt do but help to Gueſs at the Truth. 
mean ſuch Pocket Rules as are but Nine Inches, or a Foot 
Jong, whoſe Radius of the double Line of Numbers is not Six 
Inclies; and therefore the Graduations or Diviſions of thoſe 
ines are ſo very cloſe, that they cannot be well diſtinguith'd. 
Tis true, when the Rules are made Two or Three Foot long, 
T / had one of fx Foot) then they may be of ſome Uſe, rectal 
n ſnall Numbers; altho' even then, the Operations may be 
Much better (and almoſt as ſoon) done by the Pen; for in- 
Need the cheit Uſe of Sliding Rules, is only in taking of Di- 
Wnenſions, and tor that Purpoſe they are very convenient. 


Kk k | II. In 
| 
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II. In Geometry the Gauger thould underſtand not only how 
take Dimenſions, (which is beſt learn'd by Fractice) but alſo how Sc: 
to Divide any Irregular Figure or Siperficies, as Brewers Back; 
or Coolers, Cc. into the eaſieſt and feweſt Regular Fioures they 
will Admit of, that ſo their Arca may be truly computed With 
the leaſt Trouble. And this may be learn'd (with 4 little Cys 
and Diligence) out of the 1ſt, 2d, and 5th Chapters of Far; 
which the Cauger ſhould be well acquainted with. 

Alſo he ought to have ſo much SA in Solids, as to be able 
even at Sight (but this muſt be acquir'd by Experience) to deter. 
mine what Sort of Figure any Veſſel is of, (viz. any Tun, „ 
Cloſe Cast) or what Figure it may be beſt reduc'd to, ſo tha 
its Dimenffons may be truly taken, and the Content there 
compred with the leaſt Error. I ſay, with the leaſt Ern 
becau'e it is very Difficult, if not impoſſible, to do it exadly,; 
for there is not any Tun or Cask, Cc. ſo Regularly made, as by 
the Rules of Art it is requir'd to be. 

III. Beſides the aforemgntion'd, the young Ganger muſt knon, 
that all Dime nſſons uſeful in Gayging, are to be taken in lachen 
and Decimal Parts of an Iuch; and if they are taken in any 
other Meaſures, as Feet, or Jards, &c. thoſe 1 462 muſt be 
Reduc d to Inches, ( ſce Sett. 4. Page 42.) becauſe the Contenu di 
all Sorts of Veſſels (talen Notice of in Gauging) are computel 
by the Standard Gallon of its Kind, whoſe Content is knownt! 
be a certain Number of Cubick Inches, That is, the Beer or Al 
Callon contains 282, the Wine Gallon 231, and the Corn Galln 
268,8 Cubick [aches. (See the five Tables, &c. in Pave 34, 5 

6, which I here ſufpoſe the Canter to have learn'd perfeciijh 
4 ) Conſequently, if either the Superficial or Solid Cami 
of any Veſſel, as Back, Tun, Cast, &c. be once computed ini 
Cubick Iuches, it will be eaſy to know how. many Gallons, ei- 
ther of Ale, Wine, or Cora, that Veſſel will hold. 

Note, I have here aid, the Syperficial Content in Cubick Inch, 
which may ſeem to be very improper, according to the Defini 
tion given of a Syperficies in Page 279. But you muſt knor, 
that in the Buſineſs of Cauzing all Superficies, or Arca I, are al 
ways underſtood to be one Inch deep ; otherwiſe it could n0! 
be ſaid (as in the Gauger Languabe it is) that the Arta d 
ſuch a Back, or of ſuch a Circle, &c. is ſo many Gallons. 

Theſe Things being very well underſtood, the young Can 
will be fitly prepar d to underſtand the followin alles 
which are ſuch as have (ft of them) been ao propos 
in the foregoing Parts of this Treatiſe, and Only are here A 
to Practice; and therefore I ſhall, tor Brevity's Sake, often te- 
fer to thoſe Theorems and Problems, 1 
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Section 1. To find the Arca of any Right-lin'd Superfictes in 


| 

| | Gallons. 

1 PROBLEM I. 

Io find the Area of any ſquare Tun, Back, or Cooler, 8c. either 


in Ale, Wine, or Corn Gallons. 


Multtpl y the given Length or Breadth (being here equal) 


into it ſelf, and the Froduct will be the Area in Inches; 
Is Divide that Arca by 282, or 231, or 268,8 and 
the Quotient will be the Area requir'd. 


f | Example, Suppoſe the Side of a _ Tun, Back, or Cooler, 
1% 124,5 Inches, what will its Area be in Gallons ? 

Firſt 124,5 & 124,5 = 15500, 25 the Area in Inches, 

Then 282) 15500, 25 ( 54,96, Cc. the Area in Ale Gallons, 
„And 231) 15500, 25 ( 76,10, Cc. the Arca in Mine Gallons, 
; WOr 268,8) 15500, 25 ( 57,66, Cc. the Area in Corn Gallons, 


But if any one would rather work by Multiplication than by 
%, he may turn or Change any Divi ſor into a Multiplica- 
„, if he Divide Unity, or 1, by that Diviſor, (vide Problem 3. 
»  42e 402.) | 

if hus 232) 1,002000 (0,003546 the Multiplicator for Ale Gallons, 
And 231) 1,000990 (0,904329 the Multp!icator for M. Gallons, 
Or 268,8) 1,0200c0 (0,003722 the Multiplicator for C. Gallons. 


- - © 
= 44 Wi. 9 8 — 
X of p — — — 
2 — — 
—— 2 ͤ ͤ——„— 
— — 
— — 
2 pl 


ny Conſequently 15500, 25 „ 0,093545 = 54,96, Cc. the Aroa 

ug in Ale Gallens, As betore ; and {9 on for the reſt. 
PROBLEM II. 

„ind the Area of any Tun, Back, or Cooler, in the Form of 4 

f. Right-angled Parallelogram, in Ale Gallons, &c. 


1 See the Rule for finding its Arca in Inches, at Prob. 1. Page 
339. Then either Divide (or multiply) that Area, as above, 
< and you will have the Arca in Gallons. 


Example, Suppoſe the Length of a Brewer's Tun, Back, or 
g Cooler be 217,5 Inches, and its Breadth 85,6 Inches, what will 
W's Ares be in Ale or Beer Gallons, Cc? 
irſt 217,5 x 85,6 = 18648. Then 282) 18648 (66,12, Cc. 
ly's Or 186 & 03546 = 66,1 2z Ce. the Arca requir d, Oc. 


8 Kkk 2 PROBLEM 
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PROBLEM III. . 


To find the Area of any Triangular Tun, Back, or Cooler, in Ale 
Gallons, &c. | 


See the Rule for finding its Area in Inches, at Prob, 3. Pave 245, 
then Divide Cor Multiph) that Arcs as before, and you vill 
have the Area requird. 


Example, If the * of the Baſe of a Triangular Cooler be 
86,4 Inches, and its Ferpendicular Breadth be 57 Inches, what 
will its Area be in Ale Gallons? 


Firſt, 86,4 x 7 = 2462, 4. Then 282) 2462, 4 (8,73, Ct. 
Or 2462, 4 * 0, oo 3546 = 8,73, Cc. the Arca in Ale Gallons, 


Proceeding thus, you may eaſily find the Area of any Ty, 
Back, or Cooler, whether it be in the Form of a Rhombus, Rhon. 
boides, Trapezium, or of any other Polygon, either Recular, or 
irragular, in Ale or Beer Gallons, Cc. if you Firſt Divide it into 
Triungles, and then find the Area's of thoſe Triangles, (as in 
the * 4th, 5th, and 6th Problems in Chapter 5. Part 3.) the Sm 
of thoſe Areas being Divided (or Multipiy'd ) by its proper Di. 
viſor, (or Multiplicator ) as above, will give the Area requird, 

Now the Practical Way of Dividing any Polygonous Tun, Bach, 
Cc. into Triangles, is by help of a Chalt'd Line, ſuch as the 
Carpenters uſe, and may be thus perform'd. | 

| Suppoſe any Brewer's Tun, Back, or Cuoler, in the Form of the 
annex d Figure ABCDFG. Let one End of the Chat 
Line be faſten'd with a Nail Cor other wiſe) in any Coracy ot 
Angle of the Back, as at A, then - 
ſtraining it to the Angle at C. ſtrike B — 
the Diagonal Lint, A © upon the Bot- 15 
tom of the Back, and ſtraining it again A 5 


to the Angle D, ſtrit(e another Diago- . Tt” 
nal Line, - AD, and ſo on for the EG — 
Diagonal Line G D, Cc. Then having 1 
mark'd out all the Diagonal, the Perpendiculars may be thus 
found: Faſten (as before) one End of the challd Line in the 
Angle B, and then by moving ir To and Frs upon the reich, 
find out the neareſt Diſtance between the Angle at B, and the 
Diagonal Line A C; there firikea Line, and it will mark out 
the Perpendicular from B to the Line AC, and ſo on for the 
ether Perpendiculars, which being all mark'd out upon the Bot- 
tom of the Back, meaſure them, and each Diagonal bya : of 
a dye? Oy oy oe we a, 
| anc 
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* Juches, Cc. And then the Area of that Back may be computed, 

© as directed above. 

Aud here, by the way, it may be ol. ſerv d, That the Number of 
| Triangles will always be Leſs by Two; aud the Number of the Dia- 

| gonals Leſs by Three, than the Number of the Sides of any Right- 

| lin'd Figure that 1s ſo Divided. | 

* Having found ( as above) the true Arca of any Brewer's Back 

or Cooler, (which, according to the Laws of Exciſe, ought always to 

bie Fix'd or immovable) the next Thing will be to find out-the” 
true Dying or Ganging Place in that Back, that ſo the true 
Quantity of Worts may be compured or caſt up at any Depth ; 

which may be thus done. 


1. When the Bottom of the Back is cover'd all over (of any 
| Depth) either with Worts or Liquor, (viz. Water) then Dip it 
in Eight or Ten ſeveral Places (more or leſs according to the 
| Larzeneſs of the Back ) as remote and equally diſtant one from 
another as you well can, Noting down the wet Inches and 
| Decimal Parts of every Dips. 


| 2. Divide the Sum of all thoſe Dißs or wet Inches by the 
Number of Places you Dipp d in, and the Quotient will be the 
Man Wet of all thoſe Dips. 


| 3. Laſtly, find out ſuch a Place by the Side of the Back (if 
vou can) that juſt wets the ſame with that Fran Dip, and make 
a Notch or Mark there for the true and conſtant dipping Place 
of that Back, Then if any Cuantiiy of Worts (which do cover 
tht whole Back) be Ditũ d or Gan?'d at that Place, and the wet 
Inches ſo taken be multiply'd into the Area of the Back in Gale 
ons, the Product will ſhow what Quantity (viz. how many Gal- 
* lons ) of Worts are in that Back at that Time, provided the Sides 
of the Back do ſtand at Right Angles with its Bottom. 6 


| dect. 2. To find the Area of any Circular and Elliptical Superficies 


in Gallons. 


1. I have Demonſtrated in Chapter 6. Part. 3. and Theorem 3, 
5,6. Part g̃. that the Periphery of the Circle, whoſe Diameter 
is Unzyor 1. is 3,14159265, Cc. Cor for common Uſe 3, 14 16) 
And that its Area is O, 785398 16, Cc. (or c, 7854 ferc.) | 

2. Alſo, chat the Peripheries of all Circles are in Proportion one 
to another, as their I jameters are; and their Area's are in Pro- 
fortion to the Squares of their Diameters. Thar is, 

$ 1; 3,1416:: the Diameter ot any Circle: To its Periphery. 
And 1 :0,7854: : the Square of the Diameter: To the MW 
AE | pon 
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Upon theſe Two Proportrons depends the Solution of all the 
Common or Fratlical Queſtions about a Circle, See Page 308 
and 409. 


PROBLEM IV. 
The Diameter of any Circle being given in Inches, to find the 


Periphery. 


Multiply the given Diameter with 3, 1416, and the Produll 
Rule. C be the Periphery requir d. See 5 7 Page 408. 


Example, Suppoſe the Diameter of a Circle be 54,5 Inches, and 
it were requird to find its Periphery. 
e 545 X 3,1416 171,21, Cc. Inches, is the Periphery 
requir'd. | 
e Converſe of this is eaſy, viz, by having the Peri 
given, to and the Diameter. See Prob. 3. Page 408. Phe 


PROBLEM V. 
The Diameter of any Circle being given, (in Inches) to find its 


Area in Gallons. 


Multiply the Square of the propos d Diameter into org 
Rul and the Product will be the Arca in Inches (ſee Prob. 2. 
ue. 2 Page 408. hat Area being Divided by 282 or 231, Oc. 


the Cuotient will be the Area Requir'd. 


Example, Suppoſe the given Diameter be 54,5 Inches, as above. 
Firſt 54,5 X 545 2970, 25. And 2970, 25 x 0,7854 = 2332,83 
the Area in Inches. | 
Then 282) 2332,83 ( 8,2724 the Area in Ale or Beer Gallons. 
And 2310 2332,83 (10,0988 the Arca in Wine Gallons. 

Or 268,8) 2332,83 ( 8,6788 the Arca in Corn Gallons. 


But theſe Areas in Gallons may be much eaſier found, with- 
out knowing the Circles's Area in Inches as above, by having 
the Square of the Diameter of that Circle whoſe Area is one 
Gallon; which may be thus found, by Theorem 6. Page 407. 
0,785 398 : 1 : : 282: 359,05 the Square of the Diameter of 
the Circle whoſe Arca is 282 cubick Inches, viz, one Ale Gallon. 

And from this Proportion will ariſe theſe following Diviſori; 
Viz. 0,785398) 282,000000 (359,05 will be a Diviſer for A. G. 
And o, 785398) 231,000000 (294,12 will be a Dizi ſor for N. G. 
Or 0,785398) 268, 800000 (342,24 will be a Divifor for C. G. 


It 
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: If the Square of the Diameter of any Circle be divided by any 


one of theſe conſtant or fi vd Diviſors, the 1 71 will ſhew 
that Circles Area in their reſpective Gallons. As for Inſtance in 
the laſt Circle, whoſe Square of its Diameter is 2970, 25. 


Then 359,05) 2970,25( 8,2725 the Area in A. C. 
And 294,12) 2970, 25 (19,0988 the Area in W.G. Fas before; 
Or 342,24) 2970,25 ( 8,6788 the Area in C. G. 

Now theſe Diviſors may be turn'd into Multiplicators, by 
Dividing Unity or 1. as in Page 435 Or rather by Dividing 
the Area in Inches of that Circle whoſe Diameter is 1. | 

That is, 0,785398 by 282. Or by 231. Cc. 

Thus 282) o, 785398 (0,002785 the Multiplicator for Ale Gal. 


And 231) 0,785398 (c,003399 the Multiplicator for Wine Gal. 
Or 268,8) 0,785398 (0,902922 the Multiplicator for Orn Gal. 


Theſe Multiplicators are the Reſpetlive Area's of a Circle whoſe 


Diameter is 1. And therefore, it the Square of the Diameter of + 


any Circle be Multiply'd with any of theſe Numbers, the Product 
will be that Circle's Area in Gallons of the ſame Name. 


* Viz. 2970, 25 X 0,002785 = 8, 2725 the Area in A. G. as above. 
And 2970, 25 & 0,003399 = 10, 988 the Area in NV. Gal. &c. 


Thus you ſee, that if the Diameter of any Circle be given in 
Inches, there are Three ſeveral Ways of finding its Arca in Gal- 
uns, and all equally true; but that which is perform'd by the 
conſtant Diviſors is moſt generally pradtis d. 


PROBLEM VI. 


* The Tranſverſe (or longeſt Diameter) and the Cunjugate (or 
© ſhorteſt Diameter) of any Elliptical Superfictes being given, to 
find its Area in Gallons. 0 
Multip!y the Two Diameters, (viz, the Length and 
; Breadth) together, and Divide their Product by 359,05 
* Rule. for Ale Gallons, or 294,12 for Wine Gallons, &c. the 
1 Quotient will be the Area requird. See Theorem 7. 
Page 412. 
Example, Suppoſe the Longeſt Diameter to be 73, 5 Inches, and 
mme ſhorteſt Diameter to be 51,6 Inches, what will the Ares be in 
& * Gallons? T 
: irſt 73,5 & 51,6 = 3792,6. Then 359,05) 3792.6 (10,56 
the Arca in Ale 3 Or 294,12) 3792,56 (12.89 rhe Ares 
in Wine Gallons, c. | 


2 » 


Note, 


- * > * 


Inches; then if that Arca in Inches be Divided by 282, or 231, 


» 
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Note, The Tuo laſt Problems are of great Uſe in Gaugins of 
Worte amongſt Country Vittuallers, who generally Brew but thor 


Lengths of Alc, (viz. perhaps between 20 and 60 Gallons at ; i 
Brewing) and Cool their Worts in ſeveral ſmall een Veſſels of 

Tbs, whoſe Baſes or Bottoms are either a Circle, or an Ellipy, þ 
having their Sides but low, and are moſt commonly wider x 1 7 


the Top than at the Bottoms. | 

Now a prathcal Way of computing the Quantity of Wrt, 
that are at any Time in one of thoſe Open Tubs, is briefly thus: 
When the Tub is Dry, find the true Arca of its Bottom, according 
to its Figure, (as above) and either mark that Are a on the oui. 
fide of the Tub, (which was the Way I gencrally us'd to order, be 
cauſe the Vittuallers did often lend their cooling Tubs one to ani. 
ther) or el Number the Tub, and enter its Area (and its Nun. 
ver) into the S:oci-Book ; then, when any of thoſe Tubs hath 
Mort in it, take the Diamecte» of the Surface or Top of the ori, 
and find that Arca, adding it and the Bottom Arca together. U 
either the half Sun of thoſe Two Arca be multiply'd with the 
Depth of the I orig, (taken as near the middle of the Tub as | 
ell can) or, it the S of thoſe Two Arca be multiply d with 
half the Depth, (ſo taken) the Produft will ſhew the Quanti) 
of thoſe Wirts very near the Truth. 


PROBLEM VI. 1 


The Diameter of any Circle, and the verſed Sine vis. the Height) | 
of any Segment being given, to find the Area of that Seoment 
in Gallons. : 


WC OP 
—— — ——— Rn 


8s v0 * 6&0 


In the 410th and 412th Pages, you have Two Ways (and their 
Examples) of finding the Ares of any Segment of a Circle in 


* 4 8 
3 4 "> 
_ SO — — — 


Cc. the Quotient will be its Ares in Gallons, But becauſe the 
Area of any ſuch Segment may be readily found in Gallo {WT 7 
(without finding its Area ix Iaches) by help of a Table of Son 
ments, whoſe Conſtyuction is laid down in the Problem, Paz 

411, Cc. I have here i ſerted a Compendium of ſuch a Tal, 
which will ſerve very well for common Practice, not only u 

find the Area of any Segment of a Circle in Gallons ; bur alſo 
to find the Number of Gallons that are either Urawn out, or - 
mining in any Cylindrick Veſſel Lying along; or of any cloſe 
Cask. (being firſt Reduc d to 4 Cylinder ) its Axis lying parallel v 
the Horizon, uſually call'd the Mage of a Cask, as ſhall be 
thew'd farther on. | F I 


e 


6 
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* 4Table of the Segments of a Circle, whoſe Area is Unity. or 
% 4 17. Diameter being divided by parallel Chord Lines 


into o equal Parts, + | 


_—_— 


 [.S)JScoment} . gement V. S. Seame ni VS. gegme nt 
| by 58517 26 0,2006 51 0,5127 7610, 8155 
2 [% | 2710,2178] [32535 | 77 00403 
| 30,0087 2810, 2292 53 10,5382 7 235 9 
400134] 429,247 54,5509 79 98225 
510,017 30]0,2523 55 125935 8⁰ 832 | 
610,02 100, 640 560, 5762 81 [0,8677 | 
7 87 Th 8 27 57 0,5888 8210,8776 
8 10,0375 2310,2878 5810, 6014 83 2 
9 0,0446] 340, 2998 59 0,6140 84 [0,89 
10 0,0520 35,3119 | 0010,6265] | B510,9959 
115,598] 36,3241] 610,389 80,9 49 
1 200 580 5 „3364 62 0,6514 8710,9236 
1 f 0,66 88 [0,9320 
| { [3 10,0764 3810, 3486 63 0,6636 | 93 
14 0,0851 3900, 3011] (64 0, 59 891 9402 
5 894 423735 65 0568810 859482 
15 5,1532 410, 3800 66 0,7002 91 00,9554 
17 9,1127 42,3986“ 6 0,7122 921025 
18 0,1224 4310,4112 68 0,7241 9310,9092 
59 %½3234 440, 4238] | 69 0,7300 940,755 
2 10,1424] 45/4255] [2 07477] [5/2813 
21 0,1526 4610,4401 71 0,59 90 | 0,9865 
22,1631] 42,618] [72 0,77c 97,913 
3 19,1738] 48,4745] 73 %8 224 | 9810,9952 
0,1845] 49,4873 74 957934] 99,9983 
ese 
1 
1 The Uſe of this Table of Segments depends upon the fol- 
ing Proportion : 


| 4 As the Diameter of any fropos'd Circle: 1s 10 100 ( the 
is. | Diameter of the Tabular Circle) : : ſo in the Height of any 
. N Segment of the f rod Circle: to a verſed Sine in the Table, 


hen if the Tabular Seement, which ſtands againſt that ver ſed 

% be multiplyd into the Circles Arca, (cithe, in Inches or 
ne the Product will be the Area of the 1 760 requir'd, 
e ſame Name) viz. If the Circles Arca be Inches, the Seg- 
4 = will be Inches: If Gallons, the Scament will be Gallons. 


Lil Example, 


EEE 
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Example, Let the Diameter of the given Circle be DA = 62,5 
Inches, = the Height of the Segment 1 
fought, be FA = 20 Inches, what will 
its Arca be in Ale Gallons ? © | 

Firſt, the Arca of the whole Circle 
will be 10,8793 Ale Gallons, By Prob- D 
lem 5. And the Proportion will ſtand 
thus, 62,5 : 100 : : 20 : 32 the 
verſed Sine of the Table, whoſe Segment 
is 0, 2759. | ! 

Then 10,8793 * 0,2759 = 3,0016 Ale Gallons, being the 
Area of the Segment BA GH, as was requir'd, The like may 
be done for Wine Gallons, Corn Gallons, or Inches. 

And upon Occaſion, the like Segments of any Ellipfs may be 
eaſily found. See the Proportions in the Cbrollaries to the 7th 
and 8th Theorems, Page 412, Cc. to which J here for Brevitys 
Sake refer the Reader. | 


SeQ. 3. To compute the Contents of ſuch Veſſels (viz. Tuns, Cc.) 
| as are in the Form of the following Solids. 


Note, Before the young Gauger proceed to theſe Computa- 
tions, he mould be wall acquainted with ſuch Solids as are 
defind in Page 402 and 403. And then he may eaſily under- 
ſtand what Sort of Frgures are meant in the following Problems, 
without the Repetition of many Words. | 


PROBLEM VIII. 


To find the Content of any Priſm, whoſe Sides are Pargllelograms ; 
what Form | ever iti Baſe is of. WET 


That is, to compute the Content (in Gallons) of any Tun, &c. 
whoſe 8ides are Firallelograms which ftand upright, or at Right 
Angles with its Bottom. | 

irſt, find its ſolid Content in Inches by Theorem g. Page 414 
Then Divide that Content by 282. or 231. Or by 268,8, the 
Quotient will ſhew the Content in their Reſpective Gallons, vis. 
in Ale, Wine, or Corn Gallons. 

Or elſe Multiply the Content in Inches with 0,003546, (Or 
0,004 329, Cc. (See the Multiplicators, Page 435.) thoſe Ho- 
dutls will be the Content in their reſpective Gallons. 

Or otherwiſe thus. ; 

Find the true Area of the Tuns Baſe or Bottom, as directed in 
Section 1. Page 435. That Area being multiplyd with the 
Tun's Height ng Depth within) will produce the Content in 
Gallons, as betore. 1 


8 
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I take the Work of this Problem to be ſo very eaſy, it needs 
no Example. | 


PROBLEM IX. | 
| To find the Content of any Pyramid (in Gallons) whoſe Baſe js 
Bounded with Right Lines. 5 

Every Pyramid is one Third Part of its Circumſcribing Priſm, by 
Theorem 10. Page 4. J. Therefore SY 

If the Arta of the Baſe of any Pyramid in Gallons, be Multi- 
ply'd into One Third of its perpendicular Heghts or if One Third 
of that Area be Multiplyd with the whole Hejght, either of 
thoſe Produtts will be the Content of the Pyramid in Gallons, 
9 Ty 

But the Content of any Square Pyamid may be eaſily found 
in Gallons by this Rule. 


- o 


Fzuure the Side of its Baſe, and Multiply that Square 
with the 288 Height; then oO that Product 
Rule, % 846 = 282 x 3 for Ale Gallons, Or ly 693 = 231 
| * 3 for W. Gallons, Or b $06,4 = 268.8 x 3 for Corn 
Gallons, the Cuotient will be the Content reqair d. 
Or if you Maltiply the ſaid Produft with 0,001182 for A. G. 
Or with 0,001443 for W. G. Or laſtly with 0,001241 for C. G. 
the Reſult will be the Ontent requir d, As before. | 
WE PROBLEM X. 
9 find the Content (in Gallons) of the Fiſtini of a ware 
Pyramid, cut off by 4 plats Pal to its Baſe, 1 
Firſt, Either by Theorem I5. Page 419. Theorem, 16. Page 
20, find the propos d Fruftum's Solrdity in Cubick Inches, Then 
wide that Content in Cubick Inches by 282. or 231, &c. and 
the Quotient will be the Content of the Fruſfum in their reſpe- 
ave Gallons: | ous 
But from the aforeſaid Theorem 15. there may be eaſily de- 
duc'd the following General Rule for finding the Content of 
the like Fruſtum of any Pyramid, what Form ſoever its Baſes 
Gall (ſuppopong them to be parallel) whether they are Alike or 
Ae. i ' ' | 


e Firſt find the Area of each Baſe, (viz. the Top and Bot? 
| tom Area's of the propos d Fruſtum) rhen find 4 geo- 
Rule, 


trical Man between thoſe two Area's, (by Lemma 1. 
" __ zliiplyd into one Trird of the. Fr.ftum's Height, 
pr 2 


Page 83:)the Sum of thaſe Two Area s, and their Menz, 
will produce the Content Reguir l. 


e Example, 


| 
| 
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Example, Suppoſe a Tun in the Form of the Lower Fuſtum 
of a Pyramid, whoſe Baſes are Equilateral Triangles, Let the 
2 of _ 1 * Inches, the Side of the Bottom be 63,4 x 

nches, and its Height (viz. Depth) be 33 Inches, what wi x 
Content of that Tun Tia Al. Callan? ME Wen 
Firſt find the Area of each Baſe in Inches, by Problem 7. Pio; 
433 then find what thoſe Arca are in Ale Gallons, by Prii. 5 
em 3. Fa e 436. Multiply thoſe Two Area's together; the ſquare MW | 
Root of their Product will be the Mean Arca, &c. as in this 


Example. 
| The Area of the Top is 2,71 
Example. J The Area of the Bottom is 6,1 J Ale Gallons. 
The Mean Area will be 4,07 


Their Sum is 12,90 


Then 12,9 X N — 141,9. Or N X 33 — 141 the Con- ] 


1 


tent requir 0. 
PROBLEM XI: 


To find the Content of any Right Cylinder in Gallons, 
That is, to Compute the Content of any Round Tun, &. 
whoſe Diameters at Top, and Bottom are equal, and at Rig 1 
Angler with ics Sides. 9 
The Content of ſuch a Tun may be found by Theorem 11, 
Page 415. Or otherwiſe by the following Rule. | 


Mullifl y the Square of the Diameter into the Height, 
Rule jo Divide the Produ Ly 359,05 (or multiply with 
+ 


— 


o, 002785) & c. as in Page 439. that Quotient (or 
Product) will be the Content requir'd. 


Exam. Suppoſe the Diameter be 42,5 and the Height 31, Inches 
Firſt 42,5 & 42,5= 1806, 25. And 1806, 25 & 31,5 = 56896,875 
Then 359,05) 56896,875 (158,45 the Content in A. Gal. O. 
PROBLEM XII. 
1 To find the Content of any Cone or Round Pyramil in Gallons. 
' Becauſe every Cone is one Third of its Circumqcribing Cylinder, 
(See Theorem 13. Page 416. therefore its Content may be truly 
tound by the following Xule, 3 


- "4" 2 * 9 J by 2» - 
2 a WWP. 255” fe 4 * 9 ; Ra - 


Multiply the Square of the Diameter of its Baſe, init 

the perpendicular Height ; then Divide their Progutt 

Rule. , 1977,15 = 359,95 & 3 for Ale Gallons, "or by 
9882,36 = 294,12 * 3 for Wine Gallons, &c. and tht 
Quotient will be the Content requir d. 15 x 


We 
4 


— At. 
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' Or if the ſaid Produtt be Multiply d with o og = a 


or with 0,001133 = *: thoſe Produtts will be the Content 
in their reſpective Gallons. 21 


Example, Suppoſe the Diameter of the Baſe be 42,5. and the 
, perpendicular Height be 31,5 Inches, what will the Content be 
in Ale Gallons ? (As before. 
Firſt 42,5 & 42,5= 1806, 25. And 1806, 25 X 31,5 = 56896875 
Then 1077,15) 56896,875 (52,82. Or 56896, 25 x 0,200928 
= 52,82 the Content in Ale Gallons. And ſo on for Wine or 
Gru-Gallons, 


PROBLEM XII. x 
0 find the Cantent of the Lower Fruſ'um of any Cone, in Gallons, 


That is, to compute the Content of any Round Tun, &c. whoſe 
Diameters at Top and Bottom are parallel, but Unequal. ©! 11 
The Content of ſuch a Tun may be found by the Rule at 
Problem 10. but from Theorem 16. Page 420. it will be eaſy to 
deduce this following Rule. Tar 6 | 
To the Triple Produtt of the Top and Bottom Diameters; 
Add the Square of their Difference; Multiply that Sum 
Rule. into the Hei bt, (or Depth) then Divide the laft Produtt 
ly 1077,15 for Ale Gallons, or by 882,36 for Mine 
Gallons, the Quotient will be the Content requir'd. 


Example, Suppoſe the Diameter at the Typ be 52,4 Incher, 
the Diameter at the Bottom 45,6, and the Height 30 Inches. 
| 14, 52,4 X 44,6 = 233704. And 2337,04 X 3 ol. 12 
Alſo 52,4 — 44,0 = 78 And 7,8 x 7,8 = 50,84 b Add 
1 5 6 N 30 & 7071,96= 212158,8 
en 1077, 15) 212158,80 (196, o | 
Or 1 o,o 00928 — 2 che Content in A. Gel. 
And ſoon for either Wine or Corn Gallons,as Occaſion requires, 
ut if the Tun Cor Veſſel ) be not truly circular; that is, if ei- 
ther its Top or Bottom (or both of them) be Elliptical, whether 
they are Alile, or Unlike it matters not, the Content of ſuch a 
* Tun may be truly found by the General Rule at Problems 10. 


; "PROBLEM XIV. 
s The Axis Or Diameter of any Sphere or Globe, being given (in 
q Inches) to find its Content in Gallons. © «7600 
Every Sphere is Two Thirds of its Circumſcribing Cylinder, by 
Thor, 18. Page 923. from whence and Theor. 20. Page 426. it is 
A 1 Se | prov'd, 


— 
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prev d, that if the Cube of the Axis of any Sphere (taken n I 
Inches be drug inta 452 36. the Produ?t will be the Con. Þ 


tent of That Sphere in Inches, Conſequently, if that Con. 
tent be Divided by 282, or by 231, Cc. the Quotient will be In 


; 


me Content in Gallogs. A 
\ But thoſe T o Works of Maltiplying with d, 5236, and then Þ 
Diviling by 282, or by 231, Cc. may be contracted into One, A 


"hus 282) o, 5236 (0,001856 will be a Multiplice. fot 4.6, Þ L 
And 231) 5555 (o, 02266 will be a Aultiplica. for V. G. , 
Or 0,5236) 282 (538, 57 will be. a Diviſor for Ale Ca. , 
And o, 5236) 231 (441,17 will be a Divi ſor for Wine Gal. 
OY rom hence ariſes this following Rule. Se 
If the Cube bf the Axis of any Sphere, be Divided by 
1 725 (or multiply'd with o, 01856) Or Divided 
Rule. 9 441,17; (or elſe multiply'd with 0,002266) the 
II uotie nt (or Product) will be the Sphere's Content in 
their re ſpective Gallons. D. 


Example, Suppoſe the Axis or Diameter of a Sphere or Globe, N 


1 


. 


be 22 Inches, how many _ Gallons may it hold ? 
Then 22 X 22x 22= 10648. And 538,57) 16648 (19,76 4.6, ti 
Or 10648 x o, oo 1856 2 19,76 1 GI. the Conteg requir'd, Pr 
Aud So, tor either Wine, or Corn Gallons, As Occaſion requires. (x 


F: 
Y PROBLEM XV. * 
7. find the Content of any Segment of @ Sphere in Gallons. 1 
In che Ry Kr. Page 424, there are Two Theorems for Reſolv- Mt ** 
ing of this Problem, according to the Dal. 3 er 
1. If the Diameter of the Segment's Baſe, and its Height are I * 


given, the Content rftay be found by the Firs of thoſe The- 
rem, which gives this Rule. 8 
To the Triple F, of half the Diameter Add the 
Rule | — rs of the Height; then multiply that Sum into ie 
Kulte 1.3 Height, and Divide the Product by 538,57 for A. G 
| or by 441,17 for M. G. Cc. As above, 
2. But if the Axis of the Sphere, and the Height of the Sg. 
ment are given, the Content may be, found by the Second of 
thoſe Theoremt. Ld 
645 » From the Triple Product of the Axis into thy Height, 
Rul ) Subftratt Twice the Square 7 the Height; then multiply 
Rule 2. fhe Remainder into the Height, and Divide that Produt 
by 538,57, Cc. As in the Left Problem. 


een 


Either 
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Tither of theſe Rules will produce the Content of the Segment: 
in Gallons. 7 

Example, Suppoſe the Diameter of the Segment's Baſe be 28 
Inches, and its Height be 8 Inches, what may it contain in 
Ale Gallons. a 
| Firſt 2) 28 (14. Then (by Rule 1.) 14 x 14 x 3= 588, 
And 6 x 6 = 36. Next 588 ＋ 36 = 624. Again 624 * 06= 3744» 

Laſtly, 538,57) 3744 (6,95 the Content requir d. 


Note, This Problem may be of Uſe in Gauging the Crowns of 
Brewers Cofpers, SC. | 


Section 4. The practical Method of Gauging any Fix'd Tun or 
* Copper, aud waking 4 Table to ſhew what it will hold at every 
Inch Deep, Uſually call d Inching of a Tun, &c. 


Firſt, you muſt know, that moſt (if not all) Brewers Tung 

are ſo Fix'd, as to lean a little tor Conveniency of cleaning their 

| Drink, which is uſually call'd the Drip or Fall of the Tun. 
Now this Drip or Fall of any Tun, is the Hoof of ſuch a Solid 
as that Tun is ſuppos'd to W ts and under that Conſidera- 
tion it may be found, as in Theorem 16. Page 420. But the 
practical (and indeed the beft) Way, is to Meafps into the Tun 
| (when it is dry) ſo much Liquor as will juſt cover its Bottom; | 
© for by that Means you do not only find the true Fall, bur alſo a | 
true horizontal or Level Plain over the Bottom of the Tun ; from | 


| which, if the Depth of the Tun (viz. the neareſt Diſtance from 
© the tof of the Tun to the Surface of the Liquor) be ſer Off upon 
| every one of its Sides, you will then have a true parallel Plain 
at the Top of the Tun to that of the Liquor, 

Tzyen if the Sides of the Tun are Strerght, from the Top to the 
Bottom, take as many Dimenſons in the aforeſaid Two Hains, as 
are needful to find the true Arta of each; and by thoſe Two 
Arca, and the aforeſaid Depth, find ſo much of the Tun's 
Content (by the general Rule at Problem 10.) as is betwixt thaſe 
Tuo Plains, 

Next, to Inch that Tun, Divide the Difference between the Top 
and Bottom Area's by the aforeſaid Depth, and the Cnotrent will 
be an Addend or fix'd Number; which being Added to the Leſſer 


1 


5 
Asa, the Sum will be the Area of the next luch: and being Ad- 


de to that Area, their Sum will be the Are of the Third Inch, 

| and ſo on from Iuch to Inch, until the Area of every fingle Inch 
be found, the Sum of thoſe Area's (if the Work be true) will 
Amount (or be Equal) to the Content found, as above. And if 


the 
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the Tuns Drip or Fall be Added to the Sum of all thoſe Area's, 
that Sum will be the whole or full Content of that Tux. 
Now from hence it muſt needs be eaſy to conceive, that if 
2. 3. or any Number of thoſe Area's accounted from the 
tt om, be Added to the Fall, that Sum will ſhew the Quantii, 
of Liquor or Drink that is in the Tun, to ſuch a Number of u 
Inches from the Bottom, as there were Area's added together. 
Or if the Sum of any Number of thoſe Area's (being accountel 
from the Top) be Sulſiracted from the Tun's whole Content, the 
Remainder will ſhew what Quantity of Liquor or Drink is in 
the Tun, when there is ſuch a Number of Dry Inches from the 
Top as there were Area's Sulſtracted. 
his being well conſider'd, it will be eaſy to make a Tah, 
either to every Wet or Dry Inch of any Regular Tun, (viz. whoſe 
Sides are ſireight from Top to Bottom) what Form ſoever it; 
Baſes are of; and whether it ſtand upon the Greater, or Leſſer 


PPP 


Baſe. 

2 if the Sides of the Tun are Irregular (viz. not flreight from 
7ts Top to 1he Bottom) then the beſt and eaſieſt Way will be to 
Divide or Part the Tun into ſeveral Fryſlums, each of 10 Inches 
Deep ; and finding the Content of every Single Fruſtim, by taking 
the Diameters in the middle of every one of thoſe 10 Inch, 
(that is, the firſt Diameter, at 5 Inches from the Top; the ſecond 
Diameter at 15 Inches from the Top, 8c.) and Multiplying their 
reſpective Area's wich 10, (which is done by only removing the ſi- 
purating Comma's one Place forward to the right Hand) if the 
Sum of all thoſe Fruſtums be Added to the Fall, (as before) that 
Sum will be the whole Content of the Tun. 

Note, If you take the Height of the aforeſaid 10 Inch Fruſlums 
in the Side of the Tun, you muſt allow for the Difference between 
the ſlant Height and the perpendicular eight in every Fuſtum. 

ſtly, It from the whole Content of the Tun you Sulſtr ai? 
the Mean Area of the Firſt Fruſtum Ten times, and from the Re- 
mainder Sul ſtract the Mean Area of the Second Fruſtum Ten times, 
and from the laſt Remainder Snbſtratt the Mean Area of the 
Third Fruſlum, Cc. until there remain nothing but the Fall or 
Hoof of the Tun, you will then by that Means have a Tabl. 


that will thew what Quantity of Drink is in the Tun to ain 


' Number of Dry Inches. 

And this is alſo the Method of Cauging and Inching of Brew- 
ers Copf ers, viz. by firſt mcaſurin; into the Copper ſo much Li- 
guor as will juſt cover its Crows : and then Dividing its perpendicu- 
ler Hcight into Fiſtuss, and its Sides into Fur equal Faris, that {9 
Croſs „ 0 may be taken in the middle of each On: 

. ut 


88 


8 


— 


—— 


Of Þrafical Sauging. 449 


But if the Copper be much wider at the Top than at the Botiom, 
E and its Sides ſphereidel or Arching, as generally all Large Cof- 
pers are; then, inſtead of taking thoſe Aan Drameters in the 
middle of every Ten Inches, as above, you muſt take them in 
the middle of every Six inches, and proceed on as before. 

Now the Quantity of Liquor that would cover the Crows or 
the Copper, may be found without Mea ſuring it, as above. In 
order to that, I do ſuppoſe the Crown to be the Segment of a 
Sphere, and the Lower Part ot the Cypper wherein the Crows 
ariſeth, to be the Fruſlim of a pardbolirk Conord ; then if the 
Diameter at the Top of the Crown, and its perpendicular Height 
are given, the Crazxtity of Liquor may be found by this fol- 
lowing Rule . 


From the Arca of the Plain at the Trp of the Grown, 
Subtralt I of the Arca of the Crown's Height; the Re- 
Rule, inder being MAuliplyd into half the Het: ht of the 


Crown, will produce the Qrantity or Number of Gallons 
that will cover the Crown. 


This Rule is deduc'd from Scholium, Page 424, and Theorem 
15. Page 430. 


Sect. 5. To compute the Content of any cloſe Cask in Gallons, viz. 
of any Bult, Pipe, Hogſhead, Barrel, &c. 


In order to perform this difficult Part of Gauging, the Three 


| following Dimenfons of the propos d Cask muſt be truly taken 
in Inches, and Decimal Parts of an Inch. 


BY The Bulge or Bung Diameter within the Cask. 
Vis. {Either of the Head Diameters, ſuppoſing them both Equal. 
And the Lenzth of the Cask within. 


Note, In taking of theſe Dimenſons, it muſt be careſully Obſcrd, 

| I. That the Bung-hole be in the middle of the Cask; alfo, 

that the Bung-ſtaff, and the Staff over againſt the Bung-hole, 
are both regular or even within. 

& 2. That the Heads of the Cask are equal and truly circular; 

if ſo, the Diſtance between the Infide of the Chine to the 

Outſide of its oppoſite Staff, will be the Head Diamcter with- 
in the Cask, very near. 

3. With a ſliding Pair of Calipers, (made on furfofſe for that 
Uſe ) take the ſhorteſt Diſtance or Length between the Gutſides 
of the Two Heads; (ſuffcfing them even) from that Length 
ſubſtract 14 Inch (mere, or Le js, according to the Largentſi of the 
M m m Cart) 


) 


W 


— —— — — 
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Cas) for the I hickneſs of the two Heads, the Remainder wil! 
be the Length of the Cask within. | 


51 1 


N 


Now, by theſe Dimenfons, one would ſuppoſe the Content of 
the Cas were perfectly limited; but it will be eaſy to per. 
ceive, by the following Figure, that the Diameters ( aboveſaid) 
and the Length of one Cast may be Equal to thoſe of another IM « 
and yet one of thoſe Cas may contain or hold ſeveral Gallo, | 
more than the other. | * 

As for Inſtance, ſuppoſe the Annexd Figure ABCDGF, » 
repreſent a Cast; then it is plain, that B l „ 
if the Cutward curved Lines ABC, 8 
and FGD are the Bounds or Staves 
of the Cas, it mult needs hold more 
than if the Ianer Streight or prick'd 


J 
Lines were its Bounds or Staves ; and F 
yet the Buns Diameter BG, Head Di- FF 
ameter CD and AF, and the Length TE 
L H are the ſame in both thoſe Cass. 1 


Whence it plainly appears, that no one certain or genera! 


Rule can be preſcrib'd to find the true Content of all Sorts of f 
Cu, and therefore GCargers do uſually ſuppoſe every Cas to 

be in the Form of ſome one oi theſe following Solids, F 

7 

8: 


II. The middle Zone or Fruflum of 4 Parabolick Spindle. 
III. The lower Fruſtums of two equal Parabolic Condids, 
IV. The lower Fruftums of two equal Cones. | 


Nowhe Way of Gueſſing at the Cask's Form, and computin! 
its Content according to that ſuppos'd Form, I ſhall here ſhew in 
their Order. 


I. If the Staves of the Cast are very curved or Arching, (a 
the outward Lincs of the laſt Figure) then the Cas4 is ſupposd 
to be in the Form of the middle Zone or Fruſtum of a Sphcroil 
whoſe Content may be computed, by Theorem 22. Page 47) 
which gives theſe two Kulcs, 


I. The middle Zone or Fruſtim of a Spheroid. 
Viz. 


To Twice the Square of the Bung Diameter Add if 
Square of the Head Diameter ; multiply that Sum: ini 8 
Rule 1. Ce Length, and divide the Product by 10% 
Viz. 38 197 X 282 for Ale Gallons; and by 882, 
Viz. 3,8197 x 231 for Wine Gallons, Or thus, 


— 
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To Twice the Arca of the Buns Circle, Add the Area 
* Rule 2 55 the Head Circle; multiply their Sum into one Third 
C + 


of the Length, and the Produdt will be the Content ig 
their reſpcctive Gallons. 


Example 1. Suppoſe a Cas in the Form of the riddle Zone 
of a Sheroid, whoſe Buug Diameter is 31,5, Head Diameter 
24,5, and its Length 42 Inches. | | 

8 Firſt 31,5 & 31,5 X 2= 1984, 5. And 24, 5 & 24,5 600, 25 
Again 1984, ＋ 609, 25 2584, 75. And 2584,75 * 42 108559, 5 
Then 1077, 15) 108559, 5 (100,78 the Content in Ale Gallons. 
And 882,35) 108559, (123,03 the Content in M. Gallons, 


Or thus, by the Second Rule. 


1 Hung Diameter 31 35 Twwrce its Circle Arca is 5, 5 270 

Hal Diameter 24, 5 its Circles Area 1s 1,6718 

The Length 42 divided by 3 is 14. 75,1988 = their Sum. 
Then 7,1988 x 14 = 100, 78 the Content in A. Gallons, As before 
And fo the Content in Wine Callons may be found. 


II. IF the Staves of the Cas are not quite ſo much curved or 
Archin? as was ſuppos'd before, the Cu5+ is then taken for the 
8 idle Fruſtum of a parabolick Spindle, and its Content is com- 
puted, as by Theorem 27. Page 432. which gives this Rulc. 


To Twice the Square of the Bang Diameter, Add the 
Square of the Head Diameter ; from their Difference Sub- 


| Rule, act four Tenths of the Square of the Difference of the 


Diameters ; multiply the Remainder into the Length, and 
Divide the Product by 1077, 15, &c. As above. 


= Example 2. Suppoſe the Dimenſions the ſame as before. Then 
W 315 Xx 31,5 * 2: A 24,5 X 24,5=2584,75. And 31,5—24,5 =7 
Again 7X7X0,4=19,6. And 2584,75—19,0 : X 42 = 107736, 3 
W Then 1077,15) 107736,3 (199,21 the Ont. in AG, Oc. for N.. 


I. When the S1aves of the Cask are but very little Curved or 
Arching, then it's ſuppos'd to be in the Form of the Fruſfſunrs oi 
Ivo equal parabolick Conoids, abutting or joining together upon 

| one common Baſe at the Bulge, and the Content may be found 
by Theorem 25. Paie 430. which gives theſe Rules. 


Mmm 2 Bulc 


i 


unn... 
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To the Square of the Bung Diameter Add the Square 

of the Head Diameter ; multiply their Sum into the 
Rule 1. Length, and Divide the Product by 718,08 

(viz. 2,5464 x 282) for Ale Gallons; or by 588, 22 

(viz. 2,5404 X 231) for Wine Gallons. Or thus, 

To the Area of the Buns Circle add the Area of the 
Rule 2.0 Head Circle ; multifly the Sum into half the Length, 

and the Preduct will be the Content Requir d. 


Example 3. With the ſame Dimenſions as before, Then 4 
31,5 31,5: -F 24,5 X 24,5 =1592,5. And 1592.5 * 4266885 
And 718,08) 66885 (93,01 the Content in Ale Gallons. 

Or 588,22) 66885 (113,7 the Content in Wine Gallons, 

IV. If the Staves of the Cask are fraighi from the Bulge to the 


Head, as the Inner prick'd Lines in the laſt Figure, ( if ſuch ; 
Cas can be made) it is then taken for the Lower Fruſlums of Two 
equal Concs, abutting or joining together upon one common Baſe 
at the Bulge. And its Content may be computed as at Probicy 


13. Page 345. or by Theorem 15. Page 419. Thus, 


WW ” 


, ͤ on N 


ters Add their Product; then multiply that Sum into ile 
Length, and Divide the laſt Product by 1077, 15. Or 


To the Sum of tlie Squares of the Head and Bung Diam- 
pate? 
by 882,36. The Quotient will be the Cuntent, &c. 


Example 4. With the ſame Dimenſſons as before. 


. Firſt 31,5 * 31,5: + 24,5 X 2445: ＋ 31,5 X 24,5 = 2364,75 
And 2364, 25 X 42 = 99298,5 Then 1977,15) 99298,5 (92,18 
the Content in Ale Gallons, And ſo on for Vine Gallons. 


Thus you have the Methods of computing. the true Contents of 
the four Solids, in whoſe Forms all Cass | 
are ſuppos'd to be. And by the Exam- Ale Gallons. 2 
ples it appears, that Four ſuch Casi as ha ve I. 100,78 0.77 
their Dime» ons all equal, and the ſame II. 100,01 7.00 
with thoſe above-mentiond, their Con- tv 93,91 | 083 
tents will be as in the Margin. | 92,18 


From the D:ſproportion or Inequality of theſe Lifferences u 
will be caſy to concerve, that there may be ſeveral Ca whole 
Contents cannot be truly found, according to the aforeſaid ſup- 
pos d Forms; and therefore, in order to rectify the ſaid Inet: 
ties, ſome Authors (that have written upon this Subjett) have laid 
down Thcorcms of their own Invention ; (and het call d them ly 

| $37 $54 wy ': theſt 


| 


— 
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theſe Names ) others have propos'd T ables for the ſame Purpoſe. 
But fince it is ſo, that we can only gveſs ar the Truth, the 
plaineſt and eafcſt Way is to be preferr'd in Pratlice ; and that 
1s, by finding ſuch a mean Diumetcr as will reduce the propos d 
Cast to a Cylinder. 


Multiply the Difference between the Hcad and Bung Dia- 
meters with 0,7. or with 0,65. 67 with 0,6. or with 0,55. 
according as the Slaves of the Cas are More or Le ſs arch- 
ing Add the Product to the Head Diameter, and the Sum 
will be the mean Diameter requir d. Then find the Content 
as at Prob. 11. Page 444. 


Thus, 


Example. With the ſame Dimenſons as before. Then the 
Bung Diametcr Leſs the Heal Di am. is 31,5 — 24,5 =7. And 
M. D. A. (. Cont, 
7 X ©,7 = 29,4 its Arta 2,4773 X 42 101, 10 Dif. 
24,5 + j X 0,05= 29,95 2,3504 X 42 = 96,9112,39 
: 7 X O6 = 28, 7 2,2941 X42 906, 3502,36 
7 * 0,55= 28, 35 


2,2385 X 42 = 940312, 32 

From theſe it may be obſery'd, that the Diſfcrence between 
each Cass Content is Regular, and very near Equal ; which plain- 
ly ſhews, that there is not ſo much Room left for Error this Way 
of computing their Contents, as was by the aforeſaid Forms, 

Now the Firſt of theſe four (viz. witho,7) is very commonly 
uſed amongſt Gauzers for all Sorts of Cas“; but I did never 
Gange any Cask that woull contain quite ſo much as that Rule 
did make it; and the Reaſon doth appear very plain from 
Theorem 22. Page 427. being compar'd with Theorem 19. Page 
426. and the laſt Figure, viz, that no Cusk ( being regularly 
made) can hold more than the middle Friiſſum of a Spheroid. But 
I always found by Experience, that if the Second and Third of 
theſe Rules (viz. with 0,65 41d 0,6) were duly Afpply'd, they 
would anſwer very near the Truth amongſt the common Sort of 
Casks; and the Fourth Rule (viz. with 0,55) will come prett 
near the Truth in computing the Contents of Gasks, whoſe Staves 


are almoſt fraight betwixt the Head and the Burg, viz. ſuch as 
Wine Pipes, Oc, 


Se. 6. To find what Quantity of Liquor ts either Drawn ſorth, 


or Remaining in, any [phervidal Cash, uſually call d the Ullage o 
a Cask ; hath 1290 Caſes. ; 80 7 


Caſe 1. To find what Quantity of Liquor is in the Cast, when its 
Axis is perpendicular to the Horizon, viz. when it flands upright 

pon one of its Heads, 15 

4 ara 


— —5 4 
= — — —— — _ — — — — —  <—_—_— 


that in the firs Example, Page 451. and let it be requir'd to 
find what Quantity of Liquor is in it, (of Ale Meaſure) when 
there is but ꝙ Inches wet. Here lf the Length of the Cask is 21 


b — 
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In order to perform this the et Way, it will be conve. 
nient to know how to calculate the Arca of any Circle betu int 
the m7 and Head, whoſe Diſfance from the Bung or Midile of 
the Cas is given. Now that may be done by this Proportion, 


As the Square of half the Length of the Cask : is to ts 
Diff erence between the Bung and Head Areas:: ſo is the 
Viz. <quare of any Circles Difias © from the Bung : to the Di- 
| ference between the Bung Area, and the Arca of that Cid, 
viz. the Area of the Liquor's Surface. 'E 


* 3 


Demonttration. 


WH — _ the Length of the Cass. 
Let D Half the Bung Diameter. 
h 24 — Half the Head Diamcter. 


the Diſtance of any Circle from 
And 


the Bung. 
a = Half the Diameter of that Circle. 


Then, according to the common Property of the Elliffs, Pace 
368. ir will be, 4 
DP 1.4. 88.27: 06 And 8 

. _DD 4 3 DL. P 3 | 
Ergo PD = BB. And 4 — BB. 


— 44 : 


DDilH DD — 42 4 [otter — 
Conſequently, 55 —44 _ DBP Top 1 


This Aquation being brought out of the Fradlions, will 
become DDHH — 44 HA = DDPP — dd PP. 
Which gives this Analogy HI: DD — dd:: PP: DD—a«. 
Then DD - 4 8 being ſulſtratted from DD, will leave 44. 
But Circles Area's are in Proportion to the Squares of their Diame- 
ters, by Theorem 6. Page 407. Therefore, Cc. Q. E. D. 

Then, from the Bung Area ſubſtract ng Third Part of the 
aforeſaid Difference, diz. between the Bung Area and the Area 
of the Liquor's Surface; mulliply the Remarnder with the Li- 
Furs Dibaxce from the Bung, and the Product will thew what 
Cuantity of Liquor is either Above or Under half the Content of 
the Cask. f a 


Example. Let us ſuppoſe a Cas of the ſame Dimenſons with 


2 Inches, 


„„ hob. y RA 


we 4 Rs 
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Inches, whoſe Square is 441, and the Liquor's Diſtance from 
the Bung is 21—9 = 12. Its Square is 144. The Difference 
between the Bung, and Head Area's is 10917 (= 27635 — 
1,6718.) Then 441: 1,0917 :: 144: 0,3504- : 
And 2,7635 — 0,3504 = 2,4571 the Area of the Liquor's 
Sur face. 
Again 3) 0,3504 (0,1188. And 2,7635—0,1188 = 2 6447 
Then 2,6447 X 12 = 31,7354, what the Cast wants of being 
half full. Conſequently 50,39 — 31,73 = 18,66 will be the 


Quantity of Liquor in the Cask at ꝙ Inches wet in Ale Gallons. 


And if the Cast had wanted but 9 Inches of being full; 


then 50,39 ＋ 31,73 82,12 would have been the Gnantity 
| of Liquor in the Cask. 


Note, Becauſe. the Two Fi Terms (viz. 441 and ,0917) 


in the Proportion, are fix'd, viz. continue the ſame for any Di- 

ſtance, it will be very eaſy to calculate the Area's of all the Circles 
betwiæt the Bung and Hcad to every Inch, and by that Means to 
male a Table that will ſhew what Quantity of Liquor is either 
= draws Ont, or Remaining in the Cast, at any Depth, 


; Caſe 2. To find what Orantty of Liquor is in any Cask, when its 


Axis is Parallel to the Horizon, vig. when it Lies along. 


There are Variety of Tables to be found in Books of Cauging 
for this Purpoſe; but I always obſerv'd, that the followin 


! Method of computing the Mage, by a Table of the Segments of 
2 Circle, came very near the Truth in all Sorts of Casks, which is 


thus perform'd : | 

1. By the Bung and Head Diameters, find ſuch a mean Diame- 
ter as you judge will Reduce the propos d Cas to a Cylinder, by 
the Method laid down in Page 453. And then find its full Con- 
tent, as in thoſe Examples. ur 

2. From the Bung Diameter Subſtract the mean Diameter, 
and half their Difference, (viz. divide it by 2.) 

3. From the Wet Inches of the propos d Ullage, Subſtract the 
ſaid half Difference, and call it æ; then obſerve this Proportion. 


1 


Fon the Mean Diameter : 15 to 100 (the Diameter of | 
Viz, the Tabular Circle) : : ſo is the laſt Difference (viz. x) 
2210 4 verſcd Sine in the Table. (Page 441.) 


Then if the Tabular Segment, which ſands againſt that Ver- 

ſed Sine, be muliiplyd into the Content of the Cast, the Produtt 
will ew the Ullage, viz. what Quantity of Liquor is either in 
the Cask, or drawn forth. 1 


Example, 


— —— = 
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Example 1. Let the Cas be that of the ſecond Sort, in 
Page 453. vir. whoſe Bung Diamcter is 31,5 Inches, mean Dia- 
meter 29,05, and. Cinteut 98,71 Ale Gallons ; and ſuppoſe 
there were 10,5 Inches Met in it, it is requir d to find the wet, 
and Dry Gallons? 


Here 31,5—29,05 == 2,45 its half is 1,12. And 10,5—1,22= 9,28 W 
Then 29,05: 109 ::9,28 : c,319= V. Sine; its Segm. is 0,2748 
And 98,71 x 0,2748 = 27,12 the Number of wet Gallons. 
Again 31,5 10, 5 = 21 the dry Inches; and 21—1,22= 19,78 
Then 29,05 : 100::19,78: 0,68 ; its Segment is 07241 
And 98, 71 x 0,7241 = 71,48 the Number of Dry Gallons. 


Proof 71,48 + 27,12= 98.6 the Content of the Cast very near; 
which plainly thews the Truth of this Method. 


Thus far may ſuffice concerning Gayrins of Backs or Coolers, 
Tuns, Coffers, and Criks, Cc. To which I ſhall only add, 
That as the Contents of all Brewers Vhenfils are to be romputed 
by the Ale Gallons, fo the Contents of all Diſtillers Menfl. 
(viz. all their Waſh-Backs, Stills, and Casks, Cc.) muſt be con- 
yuted by the Wine Gallon, | 

And in garging of Halt, (upon which there is now 4 Duty of 
four Shillings per Buſhcl ) you muſt obſerve, That a Corn or 
Malt Buſhel doth contain 2150, 42 cubick Inches; (See Page 42.) 
and therefore in gau ing of Malt Ciſterns, or other Veſſels, 
2150,42 will be a conſtant or fix'd Diviſor for finding the Area's 
of all Right-lin'd Figures in Buſhels at one Inch deep, and 2738 
will be a conflent or fix'd Diviſor for finding the Area's of Cir- 
cular Fig urcs. 2 | 

I have omitted the Buſineſs of gagging Maſh-Tuns, and ta- 
king an Account of the Goods or Grains, in order to Eſtimate 
what {-nantity of Worts were produc'd from them, &c. becauſe 
I could never find (ly all my Obſervations ) any Certainty there- 
in; nor is it. poftble there ſhould be any, by Reaſon of the 
Great * that is in Malt, C and its grinding Too) for the 
beſt Malt (well ground) will yield or produce the maſt Worts, 
and leaſt Grains; on the contrary, Bad Malt (being ill ground) 
yields the leaſt Worts and moſt Grains, 
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